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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a small scanning 
optical system composed of few optical elements. 
SOLUTION: The scanning optical system 10 makes a 
light source beam almost parallel in the tracing of 
arriving order of beams on an image surface (surface to 
be scanned) from a light source 1 1, with a converging 
optical system composed of a first transmission surface 
1T, a first reflecting surface 1R and a second 
transmission surface 2T. The reflecting deflection of the 
light source beam made into an almost parallel beam is 
performed with 'a two-dimensional scanner 12. The beam 
subjected to reflecting deflection is imaged on the 
surface to be scanned with an image forming optical 
system composed of a third transmission surface 3T, a 
second reflecting surface 2R, a third reflecting surface 
(total reflection) 3R and a fourth transmission surface 
4T, and the surface to be scanned is scanned two- 
dimensionally. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 


CLAIMS 


[Claim(s)] 

[Claim 1] Scan optical system to which a field by the side of a scan layer-ed is most 
characterized by to include a page [ 2nd / or more ] reflector containing the 1 st [ at least ] page 
of nonrotation plane of symmetry which said optical member has optical power and carried out 
eccentricity to a shaft top chief ray in an independent operating surface of a transparency 
operation in scan optical system characterized by to provide the following in a field where said 
image formation optical system has optical power of said optical member including an optical 
member An optical deflection means to deflect light from the light source and to scan on a scan 
layer-ed Image formation optical system which carries out image formation of the light deflected 
by said optical deflection means to a scan layer-ed 

[Claim 2] The light source Image formation optical system which carries out image formation of 
the light deflected by condensing optical system which makes light from said light source 
abbreviation parallel light, optical deflection means to deflect injection light from said condensing 
optical system, and to scan on a scan layer-ed, and said optical deflection means to a scan 
layer-ed It is the scan optical system equipped with the above, and is characterized by a field of 
the last of said condensing optical system which injects from said condensing optical system and 
carries out incidence to said optical deflection means, and a field of the beginning of said image 
formation optical system which carries out incidence to said image formation optical system 
from said optical deflection means being the same fields. 

[Claim 3] The light source Condensing optical system which makes light from said light source 
abbreviation parallel light An optical deflection means to deflect injection light from said 
condensing optical system, and to scan on a scan layer-ed Image formation optical system which 
carries out image formation of the light deflected by said optical deflection means to a scan 
layer-ed It is the scan optical system equipped with the above, and, as for said prism member, 
said scan optical system is characterized by said a part of condensing optical system and 
including said a part of image formation optical system at least at least including a prism 
member. 


[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 


DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Especially this invention relates to the scan 
optical system which deflects the light emitted from the light source with an optical deflection 
means about scan optical system, and carries out the two-dimensional scan of the irradiated 
plane. 
[0002] 

[Description of the Prior Art] There is a thing as shown in drawing 10 and drawing 1 1 as an 
example of the conventional scan optical system. In the case of drawing 10 (JP,8-327926,A), 
first, according to the condensing optical system which consists of a collimator lens 52, a slit 53, 
and a cylindrical lens 54, this scan optical system collimates the light of the light source 51, and 
leads it to a rotating polygon 55. The 1 -dimensional image formation side 57 is scanned with the 
image formation lens 56 which consists of two lenses in the light by which the reflective 
deflection was carried out by the rotating polygon 55. 

[0003] In the case of drawing 11 (JP.8-146320.A). after making light of the light source 61 
parallel by the collimator lens 62 and carrying out a reflective deflection by the deflection means 
63, the two-dimensional scan of the irradiated plane 65 is carried out with the image formation 
means 64. 
[0004] 

[Problem(s) to be Solved by the Invention] However, since there are many optical elements 
which constitute optical system in the case of drawing 10 , the precision of the assembly 
adjustment for obtaining required optical-character ability becomes severe, and cost also 
increases. Moreover, in the case of drawing 1 1 , the concrete configuration of optical system is 
not indicated. 

[0005] Made in order that this invention may solve the trouble of such conventional technology, 
the object is offering the small scan optical system constituted by few optical elements 
[0006] 

[Means for Solving the Problem] The 1 st scan optical system of this invention which attains the 
above-mentioned object In scan optical system which consists of an optical deflection means to 
deflect light from the light source and to scan on a scan layer-ed, and image formation optical 
system which carries out image formation of the light deflected by said optical deflection means 
to a scan layer-ed Said image formation optical system most in a field which has optical power 
of said optical member including an optical member a field by the side of a scan layer-ed in an 
independent operating surface of a transparency operation It is characterized by including a page 
[ 2nd / or more ] reflector containing the 1 st [ at least ] page of nonrotation plane of symmetry 
which said optical member has optical power and carried out eccentricity to a shaft top chief 
ray. 

[0007] As for this scan optical system, the after-mentioned examples 1-6 correspond. 
[0008] The operation effect of this scan optical system is explained. By reflecting nonrotation 
plane of symmetry which has optical power and carried out eccentricity to a shaft top chief ray 
in a page [ 2nd / or more ] reflector included the 1 st [ at least ] page, optical system can be 
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miniaturized according to a collapsible effect. Since a reflector which has optical power has a 
lens operation and a deflection operation, its effect of a miniaturization is large. 
[0009] In optical system which used a reflector which has optical power and carried out 
eccentricity to a shaft top chief ray, in order that a beam of light may carry out incidence of the 
optical power aslant to a reflector which had and carried out eccentricity, comatic aberration by 
eccentricity, astigmatism, etc. occur also by the axial Uemitsu line. This eccentric aberration can 
be amended by making this reflector into a revolution unsymmetrical side. 
[0010] moreover — although a problem that linear scan nature is not securable arises when 
making a reflector which carried out eccentricity carry out incidence of the light deflected by 
optical deflection means in scan optical system generally — a reflector of image formation 
optical system — a revolution — linear scan nature is securable by considering as an 
unsymmetrical reflector. 

[001 1] Moreover, it becomes easy to use image formation optical system as a two-dimensional f 
arc sine theta lens or a two-dimensional ftheta lens, and to carry out the uniform scan of the 
scan layer-ed by using a revolution unsymmetrical side. 

[0012] When a deflection angle uses an optical deflection means to change to a linear, like a 
rotating polygon (polygon mirror), the uniform scan of the scan layer-ed can be carried out by 
generating distortion of minus in image formation optical system, and using image formation 
optical system as ftheta lens. Moreover, when a deflection angle uses like a galvanomirror a 
deflection means which changes in the shape of a sine wave, the uniform scan of the scan layer- 
ed can be carried out by generating distortion (it being the distortion of minus, when a deflection 
angle is small and distortion of plus and a deflection angle are large) according to magnitude of a 
deflection angle in image formation optical system, and using image formation optical system as 
an f arc sine theta lens. 

[0013] In this case, in a field which has optical power of image formation optical system, a beam- 
of-light location of each field angle is large, and since a diameter of the difference flux of light is 
also small, a field by the side of a scan layer-ed is the most effective [ diameter ] in amendment 
of distortion. If it is going to make this field into a combination side of two or more optical 
operations like a transparency operation, reflex action and a transparency operation, and a 
transparency operation, since an amendment operation of distortion will deteriorate according to 
a constraint for making it a combination side, distortion can be effectively amended by 
considering as an independent operating surface of only a transparency operation. Moreover, 
reservation of a field angle also becomes easy. 

[0014] 2nd scan optical system of this invention is characterized by constituting said optical 
member as a prism member in the 1 st scan optical system. 

[0015] As for this scan optical system, the after-mentioned examples 1-6 correspond. 
[0016] The operation effect of this scan optical system is explained. Generally, since a reflector 
must control an eccentric error severely from a refracting interface, assembly tuning becomes 
serious. However, this problem is solvable if a reflector of an optical member is constituted as 
1st page of a prism member. 

[0017] Moreover, since a beam of light which carries out incidence to a prism member from a 
deflection means is refracted by plane of incidence of a prism member, it can set up low the 
incident ray high of an axial outdoor daylight line to subsequent fields. Therefore, while being able 
to make optical system small, a bigger field angle is realizable. Moreover, since the subordination 
beam-of-light high of an axial outdoor daylight line becomes low, generating of comatic 
aberration etc. can also be controlled. 

[0018] 3rd scan optical system of this invention is characterized by said optical member 
including the 1st [ at least ] page of a combination side of transparency and an echo in the 1st 
scan optical system. 

[0019] As for this scan optical system, the after-mentioned examples 1-6 correspond. 
[0020] The operation effect of this scan optical system is explained. Since two operations of 
transparency and an echo are performed in respect of the same, the number of pages which 
constitutes image formation optical system can be reduced, and image formation optical system 
can be made simple and small. In this case, if reflex action is considered as a total reflection 
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operation, in addition, it is desirable. If not total reflection but an echo with a reflective film tends 
to perform an echo in a combination side, it is necessary to form a reflective film for reflectors 
in a transparency field for transparency sides, and another distant location. For this reason, 
problems, like that optical system is enlarged and generating aberration increases arise. 
Moreover, since it is necessary to produce a reflective film, cost rises. 
[0021] 4th scan optical system of this invention is characterized by being the 3rd page 
configuration said whose prism member includes the 1 st page of a combination side of 
transparency and an echo in the 2nd scan optical system. 

[0022] As for this scan optical system, the after-mentioned examples 1-6 correspond. 
[0023] The operation effect of this scan optical system is explained. When using a prism member 
of the 2nd scan optical system, plane of incidence to a prism member, a page [ 2nd ] reflector, 
and a injection side from a prism member are needed at least. Since a prism member can be 
constituted from minimum number of pages of the 3rd page which consists of combination sides, 
transparency sides, and reflectors, a prism member can be made simple and small. 
[0024] Condensing optical system to which the 5th scan optical system of this invention makes 
light from the light source and said light source abbreviation parallel light, In scan optical system 
which consists of an optical deflection means to deflect injection light from said condensing 
optical system, and to scan on a scan layer-ed, and image formation optical system which 
carries out image formation of the light deflected by said optical deflection means to a scan 
layer-ed It is characterized by a field of the last of said condensing optical system which injects 
from said condensing optical system and carries out incidence to said optical deflection means, 
and a field of the beginning of said image formation optical system which carries out incidence to 
said image formation optical system from said optical deflection means being the same sides. 
[0025] As for this scan optical system, the after-mentioned examples 1-6 correspond. 
[0026] The operation effect of this scan optical system is explained. Since it is necessary to 
detach this location of the 2nd page when making into a separate field "a field of the last which 
constitutes condensing optical system" and the "first field of image formation optical system" 
which are a field before and behind an optical deflection means, in follow light line tracking which 
goes to a scan layer-ed from the light source, it is necessary to detach a field before and behind 
an optical deflection means and an optical deflection means, or to enlarge a beam-of-light i, 
incident angle over an optical deflection means. 

[0027] However, optical system will be enlarged if a field before and behind an optical deflection 
means and an optical deflection means is detached. Moreover, since area of an optical deflection 
means will become large if a beam-of-light incident angle over an optical deflection means is - 
enlarged, it becomes difficult to secure a big deflection angle and high deflection frequency (scan 
frequency). Especially this serves as a big trouble in the case of an optical deflection means 
which consists of single reflectors like a micro machine scanner manufactured using micro 
machine technology which is indicated by JP,10-20226,A. 

[0028] A beam-of-light incident angle [ as opposed to the same field, then an optical deflection 
means for a field before and behind an optical deflection means ] can be made small. 
Consequently, since area of an optical deflection means can be made small, a deflection angle of 
an optical deflection means can be enlarged, or deflection frequency (scan frequency) can be 
made into a RF. 

[0029] 6th scan optical system of this invention is characterized by an optical operating surface 
before and behind said optical deflection means being a transparency side in the 5th scan optical 
system. 

[0030] As for this scan optical system, the after-mentioned examples 1-6 correspond. 
[0031] The operation effect of this scan optical system is explained. If an optical operating 
surface before and behind an optical deflection means is made into a reflector in follow light line 
tracking which goes to a scan layer-ed from the light source, since both a field (reflector 1) of 
the last which constitutes condensing optical system, and the first field (reflector 2) which 
constitutes image formation optical system will turn into a reflector In order to prevent incident 
light to a reflector 1 , interference of a reflective mold optical deflection means, and the reflected 
light in a reflector 2 and interference of a reflective mold optical deflection means The need that 
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enlarge a beam-of-light incident angle to a reflective mold optical deflection means, enlarge a 
field before and behind a reflective mold optical deflection means (reflector 1= reflector 2) and 
distance of an optical deflection means, or plane of incidence to an optical deflection means and 
a horizontal-scanning side make an angle (it is not parallel) and of making it like arises. However, 
by each method, problems, like amendment of eccentric aberration to which magnitude of optical 
system becomes large to which area of an optical deflection means becomes large becomes 
difficult arise. 

[0032] A transparency side, then such a trouble are [ an optical operating surface before and 
behind an optical deflection means ] cancelable. 

[0033] 7th scan optical system of this invention is characterized by said image formation optical 
system including the 1 st [ at least ] page of a combination side of transparency and an echo in 
the 5th scan optical system. 

[0034] As for this scan optical system, the after-mentioned examples 1-6 correspond. 
[0035] The operation effect of this scan optical system is explained. Since two operations of 
transparency and an echo are performed in respect of the same, the number of pages which 
constitutes image formation optical system can be reduced, and image formation optical system 
can be made simple and small. In this case, if reflex action is considered as a total reflection 
operation, in addition, it is desirable. If not total reflection but an echo with a reflective film tends 
to perform an echo in a combination side, it is necessary to form a reflective film for reflectors 
in a transparency field for transparency sides, and another distant location. For this reason, 
problems, like that optical system is enlarged and generating aberration increases arise. 
Moreover, since it is necessary to produce a reflective film, cost rises. 

[0036] Condensing optical system to which the 8th scan optical system of this invention makes 
light from the light source and said light source abbreviation parallel light, In scan optical system 
which consists of an optical deflection means to deflect injection light from said condensing 
optical system, and to scan on a scan layer-ed, and image formation optical system which 
carries out image formation of the light deflected by said optical deflection means to a scan 
layer-ed As for said prism member, said scan optical system is characterized by said a part of 
condensing optical system and including said a part of image formation optical system at least at 
least including a prism member. 

[0037] As for this scan optical system, the after-mentioned examples 1 -6 correspond. 
[0038] The operation effect of this scan optical system is explained. Since a part of condensing 
optical system and a part of image formation optical system can be constituted from one optical 
element, components mark which constitute scan optical system are reducible. Consequently, a 
positioning activity at the time of an assembly for obtaining desired engine performance becomes 
easy, and it can low-cost-ize. 

[0039] 9th scan optical system of this invention is characterized by said condensing optical 
system and said image formation optical system consisting of one prism member in the 8th scan 
optical system. 

[0040] this scan optical system — after-mentioned example 1- 3 and 6 correspond. 

[0041] If the operation effect of this scan optical system is explained, an effect of the 8th scan 

optical system will become larger. 

[0042] Condensing optical system to which the 10th scan optical system of this invention makes 
light from the light source and said light source abbreviation parallel light, In scan optical system 
of the 1st, 5, or 8 which consists of an optical deflection means to deflect injection light from 
said condensing optical system, and to scan on a scan layer-ed, and image formation optical 
system which carries out image formation of the light deflected by said optical deflection means 
to a scan layer-ed It is characterized by reflecting 3 times or more in the sum total of said 
condensing optical system and said image formation optical system. 
[0043] As for this scan optical system, the after-mentioned examples 1-6 correspond. 
[0044] The operation effect of this scan optical system is explained, an effect of folding 
becomes large by making it reflect a total of 3 times or more, and an effect of a miniaturization 
of the whole scan optical system can be enlarged more. 

[0045] 1 1th scan optical system of this invention is characterized by having said a part of 
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condensing optical system and the combination side of transparency and an echo of said prism 
member which includes said a part of image formation optical system at least at least in the 8th 
scan optical system. 

[0046] As for this scan optical system f the after-mentioned examples 1-6 correspond. w 
[0047] The operation effect of this scan optical system is explained. Since two operations of 
transparency and an echo are performed in respect of the same, the number of pages which 
constitutes scan optical system can be reduced, and optical system can be made simple and 
small. In this case, if reflex action is considered as a total reflection operation, in addition, it is 
desirable. If not total reflection but an echo with a reflective film tends to perform an echo in a 
combination side, it is necessary to form a reflective film for reflectors in a transparency field for 
transparency sides, and another distant location. For this reason, problems, like that optical 
system is enlarged and generating aberration increases arise. Moreover, since it is necessary to 
produce a reflective film, cost rises. 

[0048] 12th scan optical system of this invention is characterized by having said a part of 
condensing optical system and the combination side where said prism member which includes 
said a part of image formation optical system at least performs three optical operations of two 
transparency operations and one reflex action at least in the 11th scan optical system. 
[0049] As for this scan optical system, the after-mentioned examples 1 -6 correspond. 
[0050] If the operation effect of this scan optical system is explained, an effect of the 1 1th scan 
optical system will become still larger. Moreover, if a field facing an optical deflection means of a 
prism member is made into this combination side, the operation effect of the 5th scan optical 
system can be acquired. 

[0051] The 13th scan optical system of this invention is set at least in the 8th scan optical 
system to a part and said prism member which includes said a part of image formation optical 
system at least of said condensing optical system. A portion of said condensing optical system 
included in said prism member at least nonrotation which has plane of incidence to said prism 
member, and optical power, and carried out eccentricity to a shaft top chief ray — a plane of 
symmetry reflector — A portion of said image formation optical system included in said prism 
member including the 3rd page of injection sides from a prism member nonrotation which has re- 
plane of incidence to said prism member, and optical power, and carried out eccentricity to a 
shaft top chief ray at least — it is characterized by including the 3rd page of a plane of 
symmetry reflector and re-injection sides from a prism member. 

[0052] As for this scan optical system, the after-mentioned examples 1-6 correspond. 
[0053] The operation effect of this scan optical system is explained. Since a reflector which has 
optical power has a lens operation and a deflection operation, its effect which miniaturizes 
optical system is large. Since both condensing optical system and image formation optical 
system can be miniaturized in the case of this scan optical system, the whole scan optical 
system can be miniaturized. 

[0054] However, in optical system which used a reflector which has optical power and carried 
out eccentricity to a shaft top chief ray, in order that a beam of light may carry out incidence 
aslant to a reflector which carried out eccentricity, comatic aberration by eccentricity, 
astigmatism, etc. occur also by the axial Uemitsu line. This eccentric aberration can be amended 
by making this reflector into a revolution unsymmetrical side. 

[0055] Moreover, although a problem that linear scan nature is not securable arises when making 
a reflector which carried out eccentricity carry out incidence of the light deflected by optical 
deflection means in scan optical system generally, linear scan nature is securable by making a 
reflector of image formation optical system into a reflector symmetrical with nonrotation. 
Moreover, image formation optical system can be used as a two-dimensional f arc sine theta 
lens or a two-dimensional ftheta lens by using a revolution unsymmetrical side, and a uniform 
scan can be carried out for a scan layer-ed by scan optical system. 

[0056] Moreover, a beam plastic surgery operation over the light source which has an ellipse-like 
cross-section configuration in a portion of condensing optical system included in a prism 
member like LD by using a reflector symmetrical with nonrotation can be given, or a field failure 
amendment function can be given. 
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[0057] Generally, since a reflector must control an eccentric error severely from a refracting 
interface, assembly tuning becomes serious. However, if a reflector is constituted as 1 st page of 
a prism member, tuning of this reflector is reducible. 

[0058] Moreover, since a beam of light which carries out incidence to a portion of image 
formation optical system of a prism member from a deflection means is refracted by plane of 
incidence of a prism member, it can set up low the incident ray high of an axial outdoor daylight 
line to subsequent fields. Therefore, while being able to make optical system small, a bigger field 
angle is realizable. Moreover, since the subordination beam-of-light high of an axial outdoor 
daylight line becomes low, generating of comatic aberration etc. can also be controlled. 
[0059] It is characterized by having only one plane of symmetry concerning [ on scan optical 
system of the 1 st, 5, or 8, and / nonrotation plane of symmetry of said image formation optical 
system ] a configuration in the 14th scan optical system of this invention. 
[0060] As for this scan optical system, the after-mentioned examples 1 -6 correspond. 
[0061] If the operation effect of this scan optical system is explained, fabrication nature can be 
raised by having the plane of symmetry about a configuration. 

[0062] 15th scan optical system of this invention is characterized by including nonrotation plane 
of symmetry in which said condensing optical system has only one plane of symmetry about a 
configuration in scan optical system of the 1 st, 5, or 8. 

[0063] As for this scan optical system, the after-mentioned examples 1 -6 correspond. 
[0064] if the operation effect of this scan optical system is explained — a revolution — the 
operation effect of an unsymmetrical field is the same as the 13th scan optical system. The 
operation effect by having one plane of symmetry about a configuration is the same as the 14th 
scan optical system. Condensing optical system has the above operation effect. 
[0065] 16th scan optical system of this invention is characterized by being the free sculptured 
surface in which nonrotation plane of symmetry of said image formation optical system has only 
one plane of symmetry about a configuration in scan optical system of the 1st, 5, or 8. 
[0066] As for this scan optical system, the after-mentioned examples 1 -6 correspond. 
[0067] The operation effect of this scan optical system is explained. A free sculptured surface 
used by this invention is defined by the following formulas (a). In addition, the Z-axis of the 
definition type turns into a shaft of a free sculptured surface. 
[0068] 

88 

Z = c r* / { 1- (1 + k) c 2 r f } ] +2 Cj X D Y" 

j -a 

- - - (a) 

Here, the 1 st term of the (a) type is a spherical-surface term, and the 2nd term is a free 
sculptured surface term. 

[0069] Inside of a spherical-surface term, curvature k of c:top-most vertices: Conic constant 
(cone constant) 
r^root (X2+Y2) 
It comes out. 

[0070] Free sculptured surface term, 
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2 C, X" Y" 

= C, X+C, Y 

+ C 4 X* +C 6 XY+C, Y a 

+ C 7 X 8 +C» X* Y + C e XY 4 +C 10 Y» 

+ dX 4 +Ci,X s Y+C 18 X* Y* +Ci 4 XY a + Ci 6 Y 4 

+ C 16 X 8 + C 17 X 4 Y+CxgX 8 Y J + C19 X* Y 3 +C ! ,XY < 

+ C_ 2 X' +C la X 6 Y + C_«X 4 Y* +C, 6 X S Y 8 + C 2 .X 8 Y 4 

+ C7XY 6 +C,»Y 8 

+ C„X 7 +C S0 X 8 Y + C 8l X 6 Y* + C 8 ,X 4 Y s + C 88 X 8 Y 4 

+ c 3 «x 8 y 8 +c»xr +C S .Y 7 


However, Cj (j is two or more integers) is a coefficient. 

[0071] Generally, the above-mentioned free sculptured surface turns into a Y-Z side and a free 
sculptured surface where only one parallel plane of symmetry exists by setting all of the oddth 
term of X to 0 by this invention, although a X-Z side and a Y-Z side do not have plane of 
symmetry, for example, the above-mentioned definition type (a) — setting — C2 C5 C7 C9 
and C12, C14. C16, C18, C20, C23, C25, C27, C29, C31, C33 and C35 — it is possible by setting 
a coefficient of each term of ... to 0. 

[0072] Moreover, it becomes a X-Z side and the free sculptured surface where only one parallel 
plane of symmetry exists by setting all odd number terms of Y to 0. for example, the above- ' 
mentioned definition type — setting — C3, C5, C8, and C10, CI 2, C14, C17, C19, C21, C23, C25, 
C27, C30, C32, C34 and C36 — it is possible by setting a coefficient of each term of ... to 0 ' 
[0073] By making the eccentricity of either of the above-mentioned plane of symmetry carry out 
in the direction of plane of symmetry of Perilla frutescens (L.) Britton var. crispa (Thunb.) Decne 
to plane of symmetry, fabrication nature can also be raised simultaneously, amending effectively 
aberration symmetrical with nonrotation generated with eccentricity. 

[0074] In addition, a definition type of a free sculptured surface is good also as other definition 
types, such as a Zernike polynomial. 

[0075] 1 7th scan optical system of this invention is characterized by said optical deflection 
means being a two-dimensional optical deflection means which carries out a two-dimensional 
deflection with one optical deflection means in scan optical system of the 1st, 5, or 8. 
[0076] As for this scan optical system, the after-mentioned examples 1-5 correspond. 
[0077] The operation effect of this scan optical system is explained. In order to make area of an 
optical deflection means small, it is necessary to arrange a deflection means near the entrance 
pupil of image formation optical system. When performing a two-dimensional scan using two 1- 
dimensional optical deflection means, in order to make magnitude of an optical deflection means 
small, it is necessary to make conjugate two 1 -dimensional optical deflection means, or to make 
small a gap of two 1 -dimensional optical deflection means, and troubles, like optical system's 
being complicated and a constraint about a layout of optical system to enlarge increase arise If 
a two-dimensional deflection is carried out with one optical deflection means, it is easy to carry 
out a layout of optical system, and optical system can be made small and simple. 
[0078] 18th scan optical system of this invention is characterized by a deflection angle by said 
optical deflection means changing in the shape of a sine wave in scan optical system of the 1st 
5, or 8. 

[0079] As for this scan optical system, the after-mentioned examples 1, 2, 4-6 correspond (if 
electric image distortion amendment is performed, an example 3 also corresponds.). 
[0080] The operation effect of this scan optical system is explained. For example, when a micro 
machine scanner manufactured using micro machine technology which is indicated by JP.10- 
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20226,A has only the 1 st page of a reflective mirror and it carries out rapid scanning, this 
reflective mirror vibrates in the shape of a sine wave, and carries out the reflective deflection of 
the light. If such an optical deflection means is used, an optical deflection means can be made 
into small, low cost, and a low power, and rapid scanning can be carried out. If image formation 
optical system of scan optical system is used as an f arc sine theta lens at this time, the uniform 
scan of the scan layer-ed can be carried out. 

[0081] 19th scan optical system of this invention is characterized by using 95% or less of 
amplitude of an optical deflection angle for a scan in the 18th scan optical system in an optical 
deflection means by which the aforementioned deflection angle changes in the shape of a sine 
wave. 

[0082] As for this scan optical system, the after-mentioned examples 1 , 2, 4-6 correspond (if 
electric image distortion amendment is performed, an example 3 also corresponds.). 
[0083] The operation effect of this scan optical system is explained. Hereafter, in the case of 
reflective mold deflecting system [, such as a polygon mirror and a galvanomirror, ], it explains. 
As shown in drawing 9 (a), when the deflection angle phi from a criteria reflector of a reflector of 
reflective mold deflecting system (reflective mold deflection means) uses a deflection means 
which changes in the shape of a sine wave, in order to carry out a uniform scan without electric 
image distortion amendment, it is necessary to use image formation optical system as an f arc 
sine theta lens. 

[0084] A deflection angle of a reflector presupposes that a scan layer-ed is scanned in a 
deflection means which changes in the shape of a sine wave using a k times as many deflection 
angle (**phi0) as amplitude of a deflection angle by amplitude phiO / k. In order to use image 
formation optical system as an f arc sine theta lens at this time, it is necessary to fill a degree 
type (0< k<=1). 

[0085] Image quantity y=f and 2(phi0 / k) arcsin {phi/(phi0 / k)} 

When a deflection is about **20 degrees, in order to use image formation optical system as an f 
arc sine theta lens to all of deflection angles, it is necessary to generate distortion of very big 
plus, and layout of image formation optical system is difficult. Then, if the linearity of phi/(phi0 / 
k) uses only a good field, it will become easy to use image formation optical system as an f arc 
sine theta lens. 

[0086] If k is made or less into 0.95, it will become a case where the linearity of phi/(phi0 / k) is 
k= 1, and below a linear medium degree, and it will become easy to use image formation optical 
system as an f arc sine theta lens. Consequently, optical system can be made simple and small. 
[0087] Moreover, as the usual display also has about 17% of blanking period, in scan optical 
system, all of deflection angles cannot be used from relation of electric processing. In this case, 
about 95% of amplitude of a deflection angle of a deflection means serves as a maximum. 
[0088] As shown in drawing 9 (b), in the case of an optical deflection means of a transparency 
mold like an acoustooptic deflector AOD, in the above explanation, it should just be considered 
that 2phi is a deflection angle. 

[0089] 20th scan optical system of this invention is characterized by amending electric uniform 
scan nature in scan optical system of the 1 st, 5, or 8. 
[0090] This scan optical system may be applied to which example example. 
[0091] The operation effect of this scan optical system is explained. When performing a two- 
dimensional scan especially, if it is going to secure two-dimensional linear scan nature and 
uniform scan nature by controlling distortion of image formation optical system according to the 
deflection property of an optical deflection means, optical system will do complicated and 
enlargement of. Since electric image distortion amendment of linear scan nature turns into two- 
dimensional amendment on the other hand when carrying out a high-speed two-dimensional 
scan, amending on real time becomes difficult. 

[0092] Then, if it is secured by image formation optical system and secures uniform scan nature 
by performing electric amendment, linear scan nature can make optical system simple and small, 
and since electric image distortion amendment turns into amendment to the one scanning line of 
a main scanning direction, it can respond also to rapid scanning. 

[0093] In this case, if it is going to use all the amplitude of a deflection angle that change in the 


http://www4.ipdljpo.gojp/cgi-bin/tran_web_cgi_eije 


2004/01/26 


9/22 <<— is 


shape of a sine wave, a difference of a scan speed near the center of an image with a quick scan 
speed and near the circumference of an image with a slow scan speed will become large too 
much. Even when performing electric image distortion amendment it becomes impossible 
consequently, to amend with a sufficient precision. If about 85% of deflection angle amplitude is 
used, since amendment of uniform scan nature will become good in about two steps, it is 
desirable. 

[0094] 21st scan optical system of this invention is characterized by a deflection angle by said 

optical deflection means changing to a linear in scan optical system of the 1 st, 5, or 8. 

[0095] As for this scan optical system, the after-mentioned example 3 corresponds (if electric 

image distortion amendment is performed, examples 1 , 2, 4-6 also correspond.). 

[0096] The operation effect of this scan optical system is explained. Since a rotating polygon 

(polygon mirror) is carrying out the uniform revolution, an optical deflection angle changes to a 

linear. If a rotating polygon (polygon mirror) is used as an optical deflection means, a big 

deflection angle can be secured with an optical deflection means, and a field angle of scan 

optical system can be enlarged. If image formation optical system of scan optical system is used 

as ftheta lens at this time, the uniform scan of the scan layer-ed can be carried out. 

[0097] In scan optical system of the 1st, 5, or 8, the 22nd scan optical system of this invention 

has only one plane of symmetry about a configuration, said image formation optical system is 

carrying out eccentricity only by plane-of-symmetry inboard about the configuration, and said 

scan optical system is characterized by satisfying a degree type 

[0098] 

phi2 < / SUBXheta 1 / phi 1 theta2 <1 ... (1) 

Here, it is a single-sided deflection angle of an optical deflection means required for a scan of 
2phi2, plane of symmetry, and a scan layer-ed of the direction of the orthotomic surface about a 
single-sided deflection angle of an optical deflection means required for a scan of a scan layer- 
ed of theta 1 and the direction of plane of symmetry in a half-field angle of image formation 
optical system [ in / for a half-field angle of image formation optical system in plane-of- 
symmetry inboard by the side of a scan layer-ed / theta 2 plane of symmetry, and the direction 
of the orthotomic surface ] 2phi1 It carries out. 

[0099] a case of a reflective mold deflection means like a polygon mirror and a galvanomirror — 
a single-sided deflection angle of a reflective mirror required for a scan — phi 1 and phi 2 it is - 
- it is equivalent to things. A single-sided deflection angle of a reflective mirror side said here is 
the maximum gap angle from a reflective mirror side corresponding to a center of a scan layer- 
ed. **phi In this case, a reflective mirror of an optical deflection means does not necessarily 
sway. When scanning a scan layer-ed using a part of amplitude of a reflective mirror, **phi uses 
for a scan. Moreover, in the case of an optical deflection means of a transparency mold like an 
acoustooptic deflector AOD, a single-sided deflection angle is 2phi1 and 2phi2. It corresponds 
( drawing 9 ). As for this scan optical system, the after-mentioned examples 1-6 correspond. 
[0100] The operation effect of this scan optical system is explained. It explains by case where an 
optical deflection means of a reflective mold like a polygon mirror and a galvanomirror is used 
( drawing 9 (a)). When a single-sided deflection angle of a reflective mold optical deflection 
means is phi (a deflection angle is 2phi), a scan half field angle of image formation optical system 
sets to theta. At this time, it is pupil scale-factor =2 phi/theta of image formation optical system 
in an order trace. 

[0101] If image formation optical system has only the 1st page of plane of symmetry about a 
configuration and is carrying out eccentricity only within the plane of symmetry, since the 
fabrication nature of image formation optical system will improve and cost will also fall, it is 
desirable. In this case, since plane of symmetry and a perpendicular direction about a 
configuration tend to secure an extensive field angle, they are good to carry out this direction in 
a scanning direction of 1 -dimensional scan optical system, or the direction where a scan field 
angle of two-dimensional scan optical system is large. Since field inboard to which eccentricity 
of the image formation optical system is carried out at this time needs to constitute optical 
system so that a field and a field which carried out eccentricity may not interfere, it becomes 
difficult to constitute image formation optical system. 
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[0102] Then, it becomes easy to constitute image formation optical system to have made smaller 
than a pupil scale factor of plane of symmetry and a perpendicular direction a pupil scale factor 
of a direction (plane-of-symmetry inboard about a configuration of image formation optical 
system) to which eccentricity of the image formation optical system is carried out, and to have 
made small an angle of divergence of the flux of light within image formation optical system. 
[0103] That is, it is desirable to satisfy a degree type. 
[0104] 

Pupil scale-factor =(2phi2 / theta 2)/within the pupil scale factor / plane of symmetry in 1> 
plane of symmetry, and the orthotomic surface (2phi1 / theta 1) 

= phi 2 theta 1 / phi 1 When making the direction of vertical scanning, and plane of symmetry 
and a perpendicular direction into a main scanning direction for the direction of plane of 
symmetry about a configuration of theta2 image-formation optical system, in order to make 
equal resolution of image formation optical system of a main scanning direction in a scan layer, 
and the direction of vertical scanning, the need of making a size of the direction of vertical 
scanning of an optical deflection means larger than a size of a main scanning direction arises. 
Since the size of a needed [ rapid scanning ] main scanning direction is small when performing a 
two-dimensional scan, it becomes easy to respond to rapid scanning. 

[0105] 23rd scan optical system of this invention is characterized by satisfying the following 

conditional expression in the 22nd scan optical system. 

[0106] 

NA2/NA 1> 1 ... (2) 

Here, numerical aperture of the flux of light from the light source in plane of symmetry and a 
perpendicular direction of the flux of light which carries out incidence from the light source in 
plane-of-symmetry inboard about a configuration to condensing optical system concerning NA2 
and a configuration in numerical aperture to condensing optical system which carries out 
incidence is set to NA1. 

[0107] As for this scan optical system, the after-mentioned examples 1-6 correspond. 
[0108] The operation effect of this scan optical system is explained. When making the direction 
of vertical scanning, and plane of symmetry and a perpendicular direction into a main scanning 
direction for the direction of plane of symmetry about a configuration of image formation optical 
system, in order to make equal resolution of image formation optical system in a main scanning 
direction and the direction of vertical scanning of a scan layer, the need of making a size of the 
direction of vertical scanning of an optical deflection means larger than a size of a main scanning 
direction arises. 

[0109] In order for light which emitted the light source to become the above-mentioned 
configuration in a scan means, a configuration of condensing optical system becomes [ a 
direction with which were satisfied of conditional expression (2) ] easy 
[0110] 

[Embodiment of the Invention] Below, an example 6 is explained with reference to a drawing from 
the example 1 of the scan optical system of this invention. 

[01 1 1] The following explanation explains a main scanning direction and the direction of Y for the 
direction of X as a direction of vertical scanning. 

[0112] Although the postscript of the configuration parameter in a counterlight trace of each 
example is carried out, as shown in drawing 1 , it is a counterlight trace, and it passes along the 
center of the scan layer-ed whose shaft top chief ray 1 is not illustrated vertically, and the beam 
of light which reaches the center of the light source 11 through the optical deflection means 12 
defines the configuration parameter of each of that example. 

[01 13] and the 1st returned to the non-eccentricity condition in the counterlight trace — page 
4T (eccentricity is actually carried out in the direction of Y.) The direction which goes to page 
4T is made into the Z-axis positive direction, the direction which meets the shaft top chief ray 1 
— Z shaft orientations — carrying out — the 1st of a scan layer-ed to the optical system 10 — 
A flat surface including this Z-axis and a scan-layer-ed center is made into a Y-Z flat surface 
(field of drawing 1 ), it intersects perpendicularly with a Y-Z flat surface through a zero, the 
direction which goes in the direction of the reverse side from this side of space is made into the 
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X-axis positive direction, and a Y-axis is set as the X-axis, the Z-axis, and the shaft that 
constitutes Cartesian coordinates. These system of coordinates are illustrated in drawing 1 . 
About drawing 4 which shows other examples - drawing 8 , the graphic display of these system 
of coordinates is excluded. 

[0114] About the eccentric side, the eccentricity (they are X, Y, and Z about X shaft 
orientations, Y shaft orientations, and Z shaft orientations, respectively) of the plane peak of the 
field and the angle of inclination (respectively alpha, beta, gamma (degree)) consisting mainly of 
the X— axis of the medial axis (about a free sculptured surface, it is the Z— axis of the 
aforementioned (a) formula) of the field, a Y-axis, and each Z-axis are given from the zero of the 
above-mentioned system of coordinates. In addition, in positive [ of alpha and beta ], positive 
[ of gamma ] means a clockwise rotation for a counterclockwise rotation to the positive direction 
of the Z-axis in that case to the positive direction of each shaft. 

[0115] In the examples 1-6, eccentricity of each side is performed in this Y-Z flat surface, and 
the only plane of symmetry of each revolution unsymmetrical free sculptured surface is made 
into the Y-Z side. 

[0116] Moreover, in the optical operating surface which constitutes the optical system of each 
example, when a specific field (a virtual side is included.) and the field following it constitute 
coaxial optical system, the spacing is given, in addition the refractive index of a medium and the 
Abbe number are given according to the using-commonly method. 

[01 17] Moreover, the aforementioned (a) formula defines the configuration of the field of a free 
sculptured surface where it is used by this invention, and the Z-axis of the definition type turns 
into a shaft of a free sculptured surface. 

[0118] moreover — DOE (diffracted-light study element) — as a design method — Sweatt — 
law (super-high refractive-index method) was used (wcSweatt, "Mathematical equivalence 
between a holographic optical element and an ultra-high index lens", J.Opt.Soc.Am, Vol.69, and 
No.3 (1979)), and it was referred to as criteria wavelength =587.56nm (d line), and was referred 
to as refractive-index =1001 of the super-high refractive-index lens in the criteria wavelength, 
and Abbe number =-3.45. 

[0119] In addition, the term about the free sculptured surface where data is not indicated is 0. 
About the refractive index, the thing to d line (wavelength of 587.56nm) is written. The unit of 
mm and an angle of the unit of length is **. 

[0120] Moreover, there is a Zernike polynomial given by the following (b) formulas as a definition 
type which is everything but a free sculptured surface. The following formulas define the 
configuration of this field. The Z-axis of the definition type turns into a shaft of a Zernike 
polynomial. The definition of a revolution unsymmetrical side is defined by the polar coordinate of 
the height of the shaft of Z to X-Y page, and A is the distance from the Z-axis within a X-Y 
side, R is the azimuth of the circumference of the Z-axis, and it can be expressed with the angle 
of rotation measured from the Z-axis. 
[0121] 

x=Rxcos (A) y=Rxsin (A) Z=D2 + D3 Rcos(A)+D4 Rsin (A) + D five R2 cos(2A)+D6+(R2-1) D 
seven R2 sin (2A) + D8 R3 cos (3A)+D9 cos (3R3-2R) (A) + D10(3R3-2R) sin(A)+D1 1R3 sin (3A) 
+ D12R4cos(4A)+D13(four R4-3R2) cos (2A) + D14(six R4-6R2+1)+D15(four R4-3R2) sin (2A) 
+D16R4 sin (4A) + D17R5cos (5A)+D18(five R5-4R3) cos (3A) + D19(10R5-12R3+3R) cos(A) + 
D20OOR5-12R3+3R) sin(A) + D21(five R5-4R3) sin (3A)+D22R5 sin (5A) +D23R6cos(6A)+D24(six 
R6-5R4) cos (4A) +D25(15R6-20R4+6R2) cos (2A) +D26 (20R6-30R4+12R2-1) 

+ D27O5R6-20R4+6R2) sin (2A) +D28(six R6-5R4) sin (4A)+D29R6sin (6A) (b) 

In addition, in order to design as optical system symmetrical with X shaft orientations, D4 D5 

D6, D100, D11, D12, D13, D14, D20 and D21, and D22 — are used. 

[0122] The following definition type (c) is held as an example of other fields. 

[0123] When considering k= 7 (7th term) it develops as an example of Z=sigmasigmaCnmXY, it 

can express with the following formulas. 

[0124] 

Z=C2 +C3 y+C4 |x| +C5 y2 +C6 y|x|+C7 x2 +C8 y3 +C9 y2 |x|+C10yx2 +C1 1|x3 | +C12y4 +C13y3 
|x|+C14y2 x2 +C15y|x3 |+C16x4 +C17y5 +C18y4 |x|+C19y3 x2 +C20y2 |x3 | +C21yx4 +C22|x5 | + 
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C23y6+C24y5 |x|+C25y4 x2+C26y3 |x3 | + C27y2 x4+C28 y|x5 |+C 29x6 +C30y7+C31y6 
|x|+C32y5 x2+C33y4 |x3 | +C34y3 x4+C35y2 |x5 |+C36yx6+C37|x7 | ... (c) 
In addition, although the field configuration is expressed in the example of this invention in the 
free sculptured surface which used the aforementioned (a) formula, even if it uses the above- 
mentioned (b) formula and the (c) type, it cannot be overemphasized that the same operation 
effect can be acquired. 

[0125] (Example 1) A Y-Z plan (cross section within the direction side of vertical scanning) 
including the optical axis of the scan optical system of this example is shown in drawing 1 . It is 
42 degrees in 54 degrees of horizontal angles of view of this scan optical system, and vertical 
field angle, and the magnitude of an optical deflection means is philmm. 

[0126] With the light source intensity modulation means which is not illustrated, the configuration 
of this scan optical system 10 carries out intensity modulation of the light source 11 according 
to a video signal, and it is performing the two-dimensional scan (raster scan) according to a 
video signal, and image formation of it is carried out to a scan layer-ed with a location [ ahead of 
image formation optical system ] of 1m, and it carries out the two-dimensional scan of the scan 
layer- ed. 

[0127] follow light line tracking which reaches the image surface (scan layer-ed) which does not 
illustrate the optical path of this scan optical system 10 from the light source 11 — it is — the 
1st — transparency side 1T and 1st reflector 1R and the 2nd — light source light is made 
abbreviation parallel by the condensing optical system which consists of transparency side 2T 
The reflective deflection of the light source light made into abbreviation parallel light is carried 
out with the two-dimensional scanner 12. the light by which the reflective deflection was carried 
out — the 3rd — transparency side 3T and 2nd reflector 2R, 3rd reflector (total reflection) 3R, 
and the 4th — image formation is carried out to a scan layer-ed according to the image 
formation optical system which consists of transparency side 4T, and the two-dimensional scan 
of the scan layer- ed is carried out. 

[0128] LED, LD, etc. can be used as the light source 11. What is necessary is just to make it 
shown in drawing 2 , when carrying out color display using two or more sources of the 
homogeneous light, the plane of composition of the light source prism 21 which consists of a 
rectangular prism the dichroic mirror 24 made to reflect short wave Nagamitsu, for example, light 
with a wavelength of 500nm or less, in drawing 2 , and the light source prism 22 — coating — a 
long wave — the plane of composition of the light source prism 22 which consists of a 
rectangular prism, and the light source prism 23 is coated with the dichroic mirror 25 made to 
reflect Nagamitsu, for example, light 600nm or more. And illuminant-B1 IB, R light source 11R 
and G light source 11G In each wavelength of the light source prism 21, the light source prism 
22, and the light source prism 23, the image point of a scan layer-ed and a location [ **** ] were 
pasted, respectively, and the effect of the chromatic aberration of scan optical system is 
removed. 

[0129] By this configuration, RGB light can be led to the scan optical system 10, and color 
display can be performed. At this time, intensity modulation of each of RGB light is carried out 
for every pixel with the modulator for RGB on the strength which is not illustrated based on a 
video signal. 

[0130] Although some things can be used as a scan means (two-dimensional scanner) 12, since 
the micro machine scanner manufactured using micro machine technology which is indicated by 
JP,10-20226,A has advantages, such as small and a low power, it is the optimal as an object for 
small optical system. 

[0131] in this case, electromagnetism — the micro machine scanner of various actuation 
methods, such as an actuation method, an electrostatic actuation method, and a piezoelectric- 
device actuation method, can be used. The plan of one example of a two-dimensional micro 
machine scanner is shown in drawing 3 . In this example, the mirror section 34 is connected with 
the medium frame 32 with the torsion bar spring 33 prolonged in Y shaft orientations, that 
medium frame 32 is connected with an outer frame 30 with the torsion bar spring 31 prolonged in 
X shaft orientations, and it is made to carry out a vertical scanning (the direction scan of Y) by 
the splash around a torsion bar spring 33 with the splash around a horizontal scanning (the 
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direction scan of X), and a torsion bar spring 31. 

[0132] To generally use a rotating polygon (polygon mirror) with a two or more pages reflector as 
a scanner, optical system needs to have a field failure amendment function. However, since it 
does not generate on the structure of a scanner, optical system does not need to have a field 
failure amendment function, and the failure by the field from which only 34 has the 1st page of a 
reflector, and a micro machine scanner as shown in drawing 3 poses a problem in it can simplify 
the configuration of optical system. 

[0133] In this case, incident angle thetas of a shaft top chief ray to the datum level of a reflector 
It is desirable to satisfy a degree type. 

[0134] theta — since the area of a reflector will become large even when carrying out the 
reflective deflection of the same flux of light if s<=45-degree 45 degrees of the maximum of this 
condition are exceeded, it becomes difficult to secure a large deflection angle and high scan 
frequency. In this example, it is thetas=20 degree. 

[0135] In addition, although the single-sided scan of only the outward trip of the deflection angle 
of a scanner which carries out a both-way oscillation at the shape of a sine wave, the both-way 
scan of both an outward trip and a return trip, or whichever is sufficient, since scan frequency of 
a scan means will be made in half if a both-way scan is performed, it is easy to respond to rapid 
scanning. 

[0136] The advantage of the scan optical system 10 of this example is explained. Since 
condensing optical system and image formation optical system are constituted from one of the 
prism member 10, compared with the example of precedence, components mark are reduced 
substantially, it miniaturizes and-izing of the optical system can be carried out [ low cost ]. 
Moreover, since there are few components mark, positioning activities can be reduced, and it 
also becomes easy to secure the engine performance at the time of a fabrication. 
[0137] Moreover, since the echo, and the 2 times echo and the 1-time echo with a scanner by 
image formation optical system are reflected once a total of 4 times by condensing optical 
system, optical system can be miniaturized according to the collapsible effect. Moreover, since a 
reflector has the main power of the scan optical system 10, there is little generating of 
chromatic aberration, and even when LD is made into the light source, there is little change of 
the optical-character ability of the scan optical system 10 by the wavelength variation of LD. 
Moreover, the combination with 2nd reflector 2r with a convex power operation and a concave 
power operation of 3rd reflector (total reflection side) 3R has amended the curvature of field in 
the scan field angle whole region. 

[0138] Moreover, since there are combination side 2T (3T, 3R) which serve both as reflex action 
and a transparency operation, the number of pages which constitutes optical system can be 
reduced, and condensing optical system and image formation optical system can be miniaturized. 
Having made this field the concave surface configuration to the deflection means 1 2 tends to 
carry out reflex action to a total reflection operation. 

[0139] Moreover, generally reservation of linear scan nature poses a problem by reflective mold 
scan optical system about linear scan nature and uniform scan nature, the revolution whose 
reflector amends eccentric aberration in this example — since it is an unsymmetrical 
configuration, two-dimensional linear scan nature has been secured. 

[0140] The deflection angle of the scanning mirror 12 required for a two-dimensional scan Since 
image formation optical system has an f arc sine theta lens property to about 65% of the 
scanning mirror which are phix=**7.95 degree and phiy=**3.20 degree and vibrates in the shape 
of a sine wave in this case A two-dimensional linear scan and a uniform scan can be performed 
(mirror deflection angle phix=**7.95 degree which needs for the scan of the direction of X 65% of 
the amplitude which is scanning mirror deflection angle phix=**1 2.2 degree of the direction of X.). 
Mirror deflection angle phiy=**3.20 degree which needs 65% of the scanning mirror deflection 
angle phiy=**4.93 degree amplitude of the direction of Y for the scan of the direction of Y. . 
[0141] When the deflection angle of the scanning mirror 12 is this example degree, in order to 
use image formation optical system as an f arc sine theta lens, it is necessary to generate the 
distortion of plus in image formation optical system. Distortion can be effectively amended by 
making field 4T by the side of a scan layer-ed into the independent operating surface of only a 
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transparency operation most like this example in the field which has the optical power of image 
formation optical system. Moreover, reservation of a field angle also becomes easy. 
[0142] In addition, if electric image distortion amendment (amendment of uniform scan nature) 
which changes into a uniform scan image the non-uniform scan image formed of image formation 
optical system is performed, all the amplitude of the scanning mirror 12 which vibrates in the 
shape of a sine wave can also be used, and a scanning mirror deflection angle can also use the 
scanner which changes to a linear. 

[0143] Moreover, the beam plastic surgery function is given to condensing optical system. When 
considering 12 asphMmm of deflection means, for the light source condensing optical system 
side NA, the direction of X is [ 0.1 6 and the direction of Y ] 0.1 9. 

[0144] Next, although the two-dimensional image will be formed here by carrying out the two- 
dimensional scan of the punctiform light source 1 1 if deformation of this example is described, 
you may make it scan the linear 1 -dimensional array light source. 

[0145] Moreover, although designed as a size of the direction of size =Y of the direction of X of 
a scanner here, it is good also as a size of the direction of size !=Y of the direction of X of a 
scanner 1 2 because of making equal resolution of the direction of X by the side of a scan layer- 
ed, and resolution of the direction of Y etc. 

[0146] (Example 2) The same drawing as drawing 1 of the scan optical system of this example is 
shown in drawing 4 . It is 42 degrees in 54 degrees of horizontal angles of view of this scan 
optical system, and vertical field angle. 

[0147] The configuration of this scan optical system 10 is the same as that of an example 1, and 
with the light source intensity modulation means which is not illustrated, according to a video 
signal, intensity modulation of the light source 1 1 is carried out, it is performing the two- 
dimensional scan (raster scan) according to a video signal, and it carries out [ image formation of 
it is carried out to a scan layer-ed with a location / ahead of image formation optical system / 
of 1 m, and ] the two-dimensional scan of the scan layer-ed. 

[0148] follow light line tracking which reaches the image surface (scan layer-ed) which does not 
illustrate the optical path of this scan optical system 10 from the light source 11 — it is — the 
1st — transparency side 1T and 1st reflector 1R and the 2nd — light source light is made 
abbreviation parallel by the condensing optical system which consists of transparency side 2T. 
The reflective deflection of the light source light made into abbreviation parallel light is carried 
out with the two-dimensional scanner 12. the light by which the reflective deflection was carried 
out — the 3rd — transparency side 3T and 2nd reflector 2R, 3rd reflector (total reflection) 3R, 
and the 4th — image formation is carried out to a scan layer-ed according to the image 
formation optical system which consists of transparency side 4T, and the two-dimensional scan 
of the scan layer-ed is carried out. 

[0149] This example is the type which raised the f arc sine theta lens property from the example 
1 . The direction of X and the direction of Y have an f arc sine theta lens property to about 70% 
of the scanning mirror deflection angle amplitude to the scanning mirror 12 which vibrates in the 
shape of a sine wave. 

[0150] In addition, if distortion is controlled and a lens is added between the prism 10 which is a 
**** location, and a scan layer-ed etc., an f arc sine theta lens property can be raised further. 
[0151] (Example 3) The same drawing as drawing 1 of the scan optical system of this example is 
shown in drawing 5 . It is 42 degrees in 54 degrees of horizontal angles of view of this scan 
optical system, and vertical field angle, and the magnitude of an optical deflection means is 
philmm. 

[0152] The configuration of this scan optical system 10 is the same as that of examples 1 and 2, 
and with the light source intensity modulation means which is not illustrated, according to a 
video signal, intensity modulation of the light source 1 1 is carried out, it is performing the two- 
dimensional scan (raster scan) according to a video signal, and it carries out [ image formation of 
it is carried out to a scan layer-ed with a location / ahead of image formation optical system / 
of 1 m, and ] the two-dimensional scan of the scan layer-ed. 

[0153] follow light line tracking which reaches the image surface (scan layer-ed) which does not 
illustrate the optical path of this scan optical system 10 from the light source 11 — it is — the 
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1st — transparency side 1T and 1st reflector 1R and the 2nd — light source light is made 
abbreviation parallel by the condensing optical system which consists of transparency side 2T. 
The reflective deflection of the light source light made into abbreviation parallel light is carried 
out with the two-dimensional scanner 1 2. the light by which the reflective deflection was carried 
out — the 3rd — transparency side 3T and 2nd reflector 2R, 3rd reflector (total reflection) 3R, 
and the 4th — image formation is carried out to a scan layer-ed according to the image 
formation optical system which consists of transparency side 4T, and the two-dimensional scan 
of the scan layer-ed is carried out. 

[0154] When a deflection angle uses the deflection means 12 which changes to a linear like a 
rotating polygon (polygon), this example uses image formation optical system as ftheta lens 
(two-dimensional ftheta lens about the main scanning direction of the direction of X, and the 
direction of vertical scanning of the direction of Y) so that a uniform scan can be performed in a 
scan layer-ed. 

[0155] (Example 4) The same drawing as drawing 1 of the scan optical system of this example is 
shown in drawing 6 . It is 36 degrees in 47 degrees of horizontal angles of view of this scan 
optical system, and vertical field angle, and the magnitude of an optical deflection means is 
phi1.1mm. 

[0156] The configuration of this scan optical system 10 with the light source intensity 
modulation means which does not come to arrange DOE (diffracted-light study element) 13, and 
is not illustrated between prism 10 and a scanner 12 in arrangement of examples 1-3 According 
to a video signal, intensity modulation of the light source 1 1 is carried out, by performing the 
two-dimensional scan (raster scan) according to a video signal, image formation is carried out to 
a scan layer-ed with a location [ ahead of image formation optical system ] of 1 m, and the two- 
dimensional scan of the scan layer-ed is carried out. 

[0157] follow light line tracking which reaches the image surface (scan layer-ed) which does not 
illustrate the optical path of this scan optical system 10 from the light source 11 — it is — the 
1st — light source light is made abbreviation parallel by the condensing optfcal system which 
consists of DOE13 which established the diffraction side 14 in the field by the side of 
transparency side 1T and 1st reflector 1R, and 2nd transparency side 2 T and a scanner 12. The 
reflective deflection of the light source light made into abbreviation parallel light is carried out 
with the two-dimensional scanner 12. DOE13 by which the light by which the reflective 
deflection was carried out established the diffraction side 14 in the field by the side of a scanner 
12, and the 3rd — transparency side 3T and 2nd reflector 2R, 3rd reflector (total reflection) 3R, 
and the 4th — image formation is carried out to a scan layer-ed according to the image 
formation optical system which consists of transparency side 4T, and the two-dimensional scan 
of the scan layer-ed is carried out. 

[0158] This example arranges DOE13 between prism 10 and a scanner 12, and amends the 
chromatic aberration of scan optical system, and it is follow light line tracking which goes to a 
scan layer-ed from the light source 1 1 , and is at both times of carrying out incidence to image 
formation optical system from the time of injecting from condensing optical system and facing to 
a scanner 12, and a scanner 12, and he is trying to receive an operation of DOE13. 
[0159] In addition, when using a micro machine scanner as a two-dimensional scanner 12, you 
may unite with a scanner 12 using the substrate in which DOE13 was formed, as the protection 
member and sealing member of a scanner 1 2 etc. 

[0160] (Example 5) The same drawing as drawing 1 of the scan optical system of this example is 
shown in drawing 7 . In arrangement of examples 1-3, with the light source intensity modulation 
means which does not come to arrange DOE13 and is not illustrated between the light source 1 1 
and prism 10, the configuration of this scan optical system 10 carries out intensity modulation of 
the light source 1 1 according to a video signal, and it is performing the two-dimensional scan 
(raster scan) according to a video signal, and image formation of it is carried out to a scan layer- 
ed with a location [ ahead of image formation optical system ] of 1 m, and it carries out the two- 
dimensional scan of the scan layer-ed. 

[0161] DOE13 which the optical path of this scan optical system 10 is follow light line tracking 
which reaches the image surface (scan layer-ed) which is not illustrated from the light source 
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11, and established the diffraction side 14 in the field by the side of prism 10, and the 1st — 
transparency side 1T and 1st reflector 1R and the 2nd — light source light is made abbreviation 
parallel by the condensing optical system which consists of transparency side 2T. The reflective 
deflection of the light source light made into abbreviation parallel light is carried out with the 
two-dimensional scanner 1 2. the light by which the reflective deflection was carried out — the 
3rd — transparency side 3T and 2nd reflector 2R, 3rd reflector (total reflection) 3R r and the 4th 
— image formation is carried out to a scan layer-ed according to the image formation optical 
system which consists of transparency side 4T, and the two-dimensional scan of the scan layer- 
ed is carried out. 

[0162] This example arranges DOE13 between the light source 11 and prism 10, and amends the 
chromatic aberration of scan optical system. 

[0163] (Example 6) The same drawing as drawing 1 of the scan optical system of this example is 
shown in drawing 8 . The magnitude of 82 degrees of horizontal angles of view and a scanner of 
this scan optical system is phi2.6mm 1 -dimensional scan optical system. 

[0164] the 1st which the configuration of this scan optical system 10 is the same as that of an 
example 1 and abbreviation, is carrying out intensity modulation of the light source 11 according 
to a video signal, and performing a 1 -dimensional scan to the horizontal direction (the direction 
of X) according to a video signal with the light source intensity modulation means which is not 
illustrated, and was returned to the non-eccentricity condition — image formation is carried out 
to a scan layer-ed with a front location of 10mm from page 4T, and a 1 -dimensional scan layer- 
ed is scanned. 

[0165] follow light line tracking which reaches the image surface (scan layer-ed) which does not 
illustrate the optical path of this scan optical system 10 from the light source 11 — it is — the 
1st — transparency side 1T and 1st reflector 1R and the 2nd — light source light is made 
abbreviation parallel by the condensing optical system which consists of transparency side 2T. 
The reflective deflection of the light source light made into abbreviation parallel light is carried 
out with the primary scanner 12. the light by which the reflective deflection was carried out — 
the 3rd — transparency side 3T and 2nd reflector 2R, 3rd reflector (total reflection) 3R, and the 
4th — image formation is carried out to a scan layer-ed according to the image formation optical 
system which consists of transparency side 4T, and a 1 -dimensional scan layer-ed is scanned. 
[0166] As for this example, in a main scanning direction (the direction of X), a deflection angle 
has an f arc sine theta lens property to 95% of the deflection angle amplitude of the changing 
scanner 12 in the shape of a sine wave. 

[0167] The configuration parameter (lens data) of the above-mentioned examples 1-6 is shown 
below. In "FFS" in these tables, a free sculptured surface and "RS" show a reflector, and 
"DOE" shows a diffraction side. In addition, a scanner is arranged in a drawing side and the light 
source is arranged in the image surface. 
[0168] 

The 1 st page number of an example Radius of curvature Spacing Eccentricity Refractive index 
Abbe number body side infinity 1000. 00 1 FFS** Eccentricity (1) 1.5254 56.3 2 FFS** (RS) 
Eccentricity (2) 1.5254 56.3 3 FFS** (RS) Eccentricity (3) 1.5254 56.3 4 FFS** Eccentricity (2) 5 
infinity (drawing side) Eccentricity (4) 6 FFS** Eccentricity (2) 1 .5254 56.37 FFS** (RS) 
Eccentricity (5) 1 .525456.3 8 FFS** eccentricity (6) Image Field infinity Eccentricity (7) FFS**C 
4-2.5779x10-2 C6 -1.2030x10-1 C8 -1 .1075x10-20 10-1.8153x10-2 C 112.5232x10-4 C13 
7.6132x10-3015 3.4561x10-3 C17 1.9873x10-4 019 2.2454x10-40 216.3462x10-4 C22 
1.9509x10-6 024-1.1858x10-4026-2.2337x10-40 28-1.0408x10-4 FFS**C4 7.7922x10-4 06 
7.7495x10-3 C8 3.7699x10-3010 - 2.3003X10-3 011 3.8795x10-4 C13 2.1619x10-3015 
2.1746x10-4 017 3.0215x10-4 C19 4.7146x10-4021 5.4788x10-5 C 22-2.2446x10-6 024 
6.4487x10-5026 6.0274x10-5 C28 7.6776x10-6 FFS**C4 -2.2371x10-206 1.1690x10-2 08 
7.2963x10-4010 6.5994x10-4 C11 7.9455x10-4 013 1.1221x10-3015 - 1.4706X10-5 017 - 
9.7208X10-4 019 - 6.3757X10-4C 21-3.9919X10-5 C 22-1.0684X10-4 C24 3.321 7X 10-4026 
1.1244X10-4 C 28-2.2822X10-6 FFS**C4 3.3846x10-2 06 2.9857x10-2 08 -9.7283x10-3010 - 
5.0879X10-3 C11 - 2.5332X1 0-3C1 3-4.6775X1 0-4C 15-1.1206X10-3 C17 2.2389X10-3 C19 
1. 5076X1 0-3C 21-2.6497X10-4 C22 8.4446x10-4 024 1.6456x10-3026 4.9022x10-4 C 28- 
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2.7959x10-5 FFS**C4 -5.0621x10-106 -1.9566x10-1 08-2.5991x1 0-1 C 10-8.7768x10-3 
</SUP> C11 3.1809x10-1 C13 4.2980x10-1015 2.6434x10-2 Eccentricity (1) X 0.00 Y -1.50 Z 
O.OOalpha 0.00 beta 0.00 gamma 0.00 Eccentricity (2) X 0.00 Y 0.62 Z 4.94alpha -45.15 beta 0.00 
gamma 0.00 Eccentricity (3) X 0.00 Y 2.80 Z 2.00alpha -73.15 beta 0.00 gamma 0.00 Eccentricity 
(4) X 0.00 Y -1 .00 Z 5.66alpha -52.1 8 beta 0.00 gamma 0.00 Eccentricity (5) X 0.00 Y 2.66 Z 
1.68alpha -66.23 beta 0.00 gamma 0.00 Eccentricity (6) X 0.00 Y -3.05 Z 0.58alpha -79.91 beta 
0.00 gamma 0.00 eccentricity (7) X 0.00 Y -3.98 Z 0.78alpha -100.29 beta 0.00 gamma 0 00 
[0169] 

The 2nd page number of an example Radius of curvature Spacing Eccentricity Refractive index 
Abbe number body side infinity 1000. 00 1 FFS** Eccentricity (1) 1.5254 56.3 2 FFS** (RS) 
Eccentricity (2) 1.5254 56.3 3 FFS** (RS) Eccentricity (3) 1.5254 56.3 4 FFS** Eccentricity (2) 5 
infinity (drawing side) Eccentricity (4) 6 FFS** Eccentricity (2) 1.5254 56.37 FFS** (RS) 
Eccentricity (5) 1 .525456.3 8 FFS** eccentricity (6) Image Field infinity Eccentricity (7) FFS**C 
41.2830x10-2 C6 -1.0765x10-1 C8 -6.8597x10-30 10-7.3302x10-3 C 116.8784x10-5 C13 
2.0958x10-3015 4.2746x10-3 C 17-1.4056x10-5 C19 2.1878x10-40 21-5.6130x10-4 C22 
1.2335x10-6 024-8.3175x10-60 26-7.0819x10-5 C28 3.5824x10-5 FFS**C4 -1.2602x10-3 06 
6.5870x10-3 08 8.6539x10-4010 - 1.4889X10-3 C11 9.7681x10-5 C13 6.7863x10-4015 
2.6351x10-5 C 17-7.9227x10-6 C19 1.2881x10-4021 4.1327x10-5 C 22-1.3352x10-6 C24- 
2.8331x10-6026 1.2199x10-5 C28 5.7971x10-6 FFS**C4 -1.9853x10-206 1.2833x10-2 08 - 
5.2848X1 0-4C10 3.7366X10-4 C11 2.2434x10-4 C13 6.4856x10-4015 1.9609x10-6 C17 
2.1708x10-5 C19 - 3.021 3X1 0-4C 21-1.6660X10-5 C 22-3.2798X10-5 C24-2.4481X10-6C26 
4.3731X10-5 C 28-3.4736X10-6 FFS**C4 3.5143x10-2 06 2.9244x10-2 08 -1.0733x10-20 10- 
4.6492x10-3 C11-3.7851x10-3C13-4.4587x10-3C 15-1.1223x10-3 C 17-1.5160x10-3 C19- 
1.2923x10-30 21-3.0248x10-4 C 22-4.5680x10-4 024-1.2579x10-4026-1.7631x10-40 28- 
3.7567x10-5 FFS**C4 -4.7149x10-1 06-1.8302x10-1 08 -1.5918x10-10 10-1.0259x10-2 011 
1.8967x10-1 C13 2.701 1x10-1015 2.3839x10-2 Eccentricity (1) X 0.00 Y -1.50 Z O.OOalpha 0.00 
beta 0.00 gamma 0.00 Eccentricity (2) X 0.00 Y 0.91 Z 4.98alpha -46.60beta 0.00 gamma 0.00 
Eccentricity (3) X 0.00 Y 2.80 Z 1.83alpha -73.91 beta 0.00 gamma 0.00 Eccentricity (4) X 0.00 Y 
-1.00 Z 5.62alpha -50.77 beta 0.00 gamma 0.00 Eccentricity (5) X 0.00 Y 2.64 Z 1.67alpha -65.89 
beta 0.00 gamma 0.00 Eccentricity (6) X 0.00 Y -3.05 Z 0.60alpha -79.70 beta 0.00 gamma 0.00 
eccentricity (7) X 0.00 Y -3.96 Z 0.83alpha -98.37 beta 0.00 gamma 0.00 
[0170] 

The 3rd page number of an example Radius of curvature Spacing Eccentricity Refractive index 
Abbe number body side infinity 1000. 00 1 FFS** Eccentricity (1) 1.5254 56.3 2 FFS** (RS) 
Eccentricity (2) 1 .5254 56.3 3 FFS** (RS) Eccentricity (3) 1 .5254 56.34 FFS** eccentricity (2) 5 
infinity (drawing side) Eccentricity (4) 6FFS** Eccentricity (2) 1.525456.3 7 FFS** (RS) 
Eccentricity (5) 1.525456.3 8 FFS** eccentricity (6) Image Field infinity Eccentricity (7) FFS**C 
42.0048x10-3 06 -6.5253x10-2 08 -2.1891x10-3010-5.2349x10-2011 4.3385x10-4 C13 
2.5336x10-3015 8.2781x10-3 C 17-2.3112x10-5 019-4.8161x10-4021 3.6053x10-3 C 22- 
5.0443x10-6 024-1.0024x10-5026 4.9410x10-5 C 28-8.4784x10-4 FFS**C4 9.3276x10-3 06 
1.2305x10-2 08 3.3701x10-3010 6.2067x10-4 C11 - 2.6194X10-4 C13 5.5084x10-40 15- 
1.7807x10-4 C 17-9.2688x10-5 C19 2.3851x10-40 21-6.1960x10-5 C22 1.1482x10-7 C24- 
7.7827x10-6026 4.1871x10-5 C28 8.9363x10-6 FFS**C4 -1.1936x10-206 1.5613x10-2 08 
9.8371x10-40 10-3.2433x10-4 C 11-5.0154x10-4 C13 3.1318x10-301 5 - 6.5157X10-6 C17 - 
2.8893X10-4 C19 - 1.1 561X10-3021 3.2209X10-5 C22 3.9739X10-5 C24 7.0920X1 0-5C26 
1.2812X10-4 C 28-3.3532X10-6 FFS**C4 2.1168x10-2 06 3.1444x10-2 08 -1.2773x10-20 10- 
4.9250x10-3 C11 1.8772x10-4 013-9.2233x10-40 15-1.2437x10-3 C17 2.5286x10-2 C19 
4.5186x10-30 21-3.0342x10-4 C22 1.6796x10-2 C24 1.3450x10-2026 1.6931x10-3 C 28- 
2.7316x10-5 FFS**C4 -7.6734x10-1 06 -2.4281x10-1 08 1.0370x10-20 10-3.9036x10-2 C11 
5.0781x10-1 C13 3.5355x10-1015 5.0029x10-2 Eccentricity (1) X 0.00 Y -1.50 Z O.OOalpha 0.00 
beta 0.00 gamma 0.00 Eccentricity (2) X 0.00 Y 1 .00Z 5.00alpha -44.98 beta 0.00 gamma 0.00 
Eccentricity (3) X 0.00 Y 2.76 Z 1.84alpha -75.17 beta 0.00 gamma 0.00 Eccentricity (4) X 0.00 Y 
-1.00 Z 4.95alpha -60.82 beta 0.00 gamma 0.00 Eccentricity X (5) 0.00 Y2.60 Z 1.61 alpha -67.95 
beta 0.00 gamma 0.00 Eccentricity (6) X 0.00Y -3.01 Z 0.75alpha -83.98 beta 0.00 gamma 0.00 
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eccentricity X (7) 0.00 Y-3.97 Z 0.94alpha -98.76 beta 0.00 gamma 0.00 . 
[0171] 

The 4th page number of an example Radius of curvature Spacing Eccentricity Refractive index 
Abbe number body side infinity 1000. 00 1 FFS** Eccentricity (1) 1.5254 56.3 2 FFS** (RS) 
Eccentricity (2) 1.5254 56.3 3 FFS** (RS) Eccentricity (3) 1.5254 56.3 4 FFS** Eccentricity (2) 5 
infinity Eccentricity (4) 1.5254 56.36 infinity Eccentricity (5) 1001.00 - 3.45 7 FFS** (DOE) 
Eccentricity (6) 8 infinity (drawing side) Eccentricity (7) 9 FFS** (DOE) Eccentricity (6) 1001.00 
- 3.4510 infinity Eccentricity (5) 1.5254 56.3 1 1 infinity Eccentricity (4) 1 2 FFS** eccentricity (2) 
1.525456.3 13 FFS** (RS) Eccentricity (8) 1.5254 56.3 14 FFS** eccentricity (9) Image Field 
infinity Eccentricity (10) FFS**C4 -5.1153x10-306 1.3925x10-2 C8 -7.3841x10-30 10- 
1.1875x10-2 C 11-7.5853x10-5 0131.2571x10-3015 1.6283x10-3 C17 5.6232x10-5 019 
2.0110x10-40 21-4.8468x10-4 022 9.0171x10-7 024-1.1171x10-50 26-2.0169x10-5 028 
6.5369x10-5 FFS**C4 1.4932x10-2 C6 -1.9540x10-3 08 4.4504x10-30 10-2.4909x10-3 C11 
6.1319x10-5 C13 8.8673x10-40 15-2.8323x10-4 C17 7.3968x10-6 C19 4.5864x10-50 21- 
2.3171x10-6 C22 5.2961x10-8 024-4.5057x10-70 26-2.4771x10-6 C 281.8540x10-6 FFS**C4 - 
2.9939x10-3 C6 -1.1909x10-2 C8 1.2713x10-20 10-9.0051x10-4 C 11-1.3110x10-4 C13- 
4.5404x10-3015 5.2681x10-4 C17 4.0962x10-5 C19 1.1500x10-3021 7.2718x10-5 C 22- 
1.2274x10-6 024-7.7261x10-60 26-1.0427x10-4 C 28-2.2896x10-5 FFS**C4 -6 1596x10-7 06 
3.4175x10-6 C8 -3.2523x10-6010 - 9.3052X10-7 C11 - 4.0783X10-7 01 3-5.9660X1 0-6C 15- 
2.3863X10-6 C 17-2.8541X10-7 C1 9-1 .9365X10-60 21-5.8348X10-7 FFS**C4 2.3949x10-2 C6 
3.3604x10-208 -5.7943x10-4010 9.6778x10-4 C 11-8.4834x10-4 013-4.2016x10-3015 
2.3946x10-4 C 17-3.0987x10-3 C19 2.4318x10-30 21-4.9242x10-4 C22 7.0481x10-4 024- 
2.4279x10-30 26-1.3842x10-3 C28 1.6279x10-4 FFS**C4 -1.0093 06 -2.4736x10-1 08 - 
1.4848C 10-1.3260x10-2 011 2.9043x10-1 013-8.9842x10-1015 5.2718x10-2 Eccentricity (1) X 
0.00 Y -1.50 Z O.OOalpha 0.00 beta 0.00 gamma 0.00 Eccentricity (2) X 0.00 Y 1.12 Z 5.50alpha - 
50.08 beta 0.00 gamma 0.00 Eccentricity (3) X 0.00 Y 3.00 Z 2.00alpha -87.13 beta 0.00 gamma 
0.00 Eccentricity (4) X 0.00 Y 0.07 Z 5.03alpha -50.80 beta 0.00 gamma 0.00 Eccentricity (5) X 
0.00 Y 0.1 1 Z 5.46alpha -50.79981 5 beta 0.00 gamma 0.00 Eccentricity (6) X 0.00 Y 0.57 Z 
6.03alpha -50.799876 beta 0.00 gamma 0.00 Eccentricity (7) X 0.00 Y -0.88 Z 5.60alpha -59.62 
beta 0.00 gamma 0.00 Eccentricity (8) X 0.00 Y 2.60 Z LOOalpha -67.35 beta 0.00 gamma 000 
Eccentricity (9) X 0.00 Y -3.00 Z 1.1 1 alpha -107.34 beta 0.00 gamma 0.00 Eccentricity X (10) 
0.00 Y-3.84 Z 0.84alpha -83.74 beta 0.00 gamma 0.00 . 
[0172] 

The 5th page number of an example Radius of curvature Spacing Eccentricity Refractive index 
Abbe number body side infinity 1000. 00 1 FFS** Eccentricity (1) 1.5254 56.3 2 FFS** (RS) 
Eccentricity (2) 1.5254 56.3 3 FFS** (RS) Eccentricity (3) 1.5254 56.3 4 FFS** Eccentricity (2) 5 
infinity (drawing side) Eccentricity (4) 6FFS** Eccentricity (2) 1 .5254 56.37 FFS** (RS) 
Eccentricity (5) 1.525456.3 8 FFS** eccentricity (6) 9 FFS** (DOE) eccentricity (7) 1001.00 - 
3.45 10 Infinity Eccentricity (8) 1.5254 56.3 11 infinity Eccentricity (9) Image Field infinity 
eccentricity (10) FFS**C4 2.7110x10-3 C6 -4.1822x10-2 C8 -8.3156x10-30 10-2 6287x10-2 C 
11-8.1512x10-6 C13 4.1432x10-3015 - 6.5747X10-4 C17 2.9008x10-6 C19 1.9125x10-4021 
2.6876x10-4 C22-8.9097x10-6C24-7.0018x10-5C 262.5234x10-6 C 28-3.2872x10-5 FFS**C 4- 
6.3232x10-3 C6 6.0261x10-3 C8 -3.2915x10-40 10-4.4498x10-3 C 11-1.7090x10-5 C13 
1.7254x10-3015 7.9047x10-4 C 17-1.5791x10-4 C19 3.8668x10-4021 6.0282x10-5 C 22- 
1.8162x10-5 024-3.4431x10-5026 5.1730x10-5 C28 9.2060x10-7 FFS**C4 -1.6315x10-2 C6 
1.2307x10-2 C8-1.8756x10-3C10 6.2970x10-4 C11 9.5379x10-5 C13 1.3103x10-30 15- 
1.1967x10-4 C 17-2.8876x10-5 019-8.6467x10-40 21-5.1857x10-5 C 22-8.1252x10-5 C24 
1.2131x10-4026 1.3258x10-4 C 286.3820x10-6 FFS**C4 2.9891x10-2 C6 3.0951x10-2 C8 - 
9.3571x10-3010 - 5.2875X10-3 C11 - 5.1673X10-3 C13 - 5.1 317X10-40 15-1.1087X10-3 C17 
2.6635x10-3 C19 1.8630x10-30 21-2.6829x10-4 C22 3.4886x10-3 C24 1.8096x10-3026 
8.2598x10-4 C 28-2.4770x10-5 FFS**C4 -6.8396x10-106 -2.0892x10-1 C8-1 7517x10-10 10- 
1.2761x10-2 011 4.5728x10-1 C13 5.5687x10-1015 3.3352x10-2 FFS**C4 1.0559x10-4 C6 
3.9513x10-5 08 1.8847x10-4010 1.6785x10-4 C11 - 2.8750X10-4 C13-4 6702X10-3C15 
3.1902X10-5 C17 4.4625X10-3 C19 2.0071X10-2C 21-4.6995X10-5 Eccentricity (1) X 0 00 Y - 
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1.50 Z O.OOalpha 0.00 beta 0.00 gamma 0.00 Eccentricity (2) X 0.00 Y 0.34 Z 4.92alpha -5044 
beta 0.00 gamma 0.00 Eccentricity (3) X 0.00 Y 2.80 Z 1.89alpha -74.09 beta 0.00 gamma 0 00 
Eccentricity (4) X 0.00 Y -0.82 Z 5.86alpha -46.70 beta 0.00 gamma 0.00 Eccentricity (5) X 000 
Y 2.64 Z 1.68alpha -66 07 Beta 0.00 Gamma 0.00 Eccentricity (6) X 0.00 Y -3.05 Z 0.54alpha - 
81.32 beta 0.00 gamma 0.00 Eccentricity (7) X 0.00 Y -3.34 Z 0.76alpha -99.9998651 beta 0 00 
gamma 0.00 Eccentricity (8) X 0.00 Y -3.36 Z 0.83alpha -100.00 beta 0.00 gamma 0 00 
Eccentricity (9) X 0.00 Y -3.79 Z 0.66alpha -100.00 beta 0.00 gamma 0.00 eccentricity X (10) 
0.00 Y -4.00 Z 0.71alpha -101.17 beta 0.00 gamma 0.00 
[0173] 

The 6th page number of an example Radius of curvature Spacing Eccentricity Refractive index 
Abbe number body side infinity 10.00 1 FFS** Eccentricity (1) 1.5254 56 3 2 FFS** (RS) 
Eccentricity (2) 1.5254 56.3 3 FFS** (RS) Eccentricity (3) 1.5254 56.3 4 FFS** Eccentricity (2) 5 
infinity (drawing side) Eccentricity (4) 6 FFS** Eccentricity (2) 1 .5254 56.37 FFS** (RS) 
Eccentricity (5) 1.525456.3 8 FFS** eccentricity (6) Image Field infinity Eccentricity (7) FFS**C 
4-1.4579x10-2 C6 -1.0257x10-1 C8 -9.2040x10-40 10-1.0489x10-2 C 11-9 9035x10-5 C13 
5.9168x10-3015 4.8469x10-3 C 17-8.7514x10-6 C19 1.2191x10-30 21-9.9794x10-4 FFS**C 
41.3960x10-2 C6 1.2346x10-208 2.4723x10-3010 1.0147x10-4 C 11-1.6176x10-4 C13 
8.1886x10-4015 2.0947x10-5 C 17-1.7977x10-4 C19 4.1117x10-50 21-1.1700x10-4 FFS**C4 
9.3942x10-3 C6 1.7229x10-2 C8 2.3970x10-3010 3.5790x10-5 C1 1 2 9999x10-4 C13 
3.8118x10-50 15-1.6410x10-4 C 17-1.3152x10-4 C19-1.6937x10-5C 21-5.3560x10-6 FFS**C4 
4.6653x10-2 C6 3.4104x10-2 C8 -1.6228x10-2010 - 7.5431X10-3 C11 - 3 0449X10-3 C13- 
1. 8865X10-301 5 7.5485X10-4 C17 1.5596X10-3 C19 1.3141X10-3C21 4.0652X10-4 FFS**C4 - 
3.3176x10-1 C6-1.4184x10-1C8 2.4167x10-1C10 1.2728x10-1 C11 8.8749x10-2 C13- 
1.0491x10-10 15-6.7796x10-2 Eccentricity (1) X 0.00 Y 0.58 Z O.OOalpha 0.00 beta 0 00 gamma 
0.00 Eccentricity (2) X 0.00 Y 1.20 Z 4.13alpha -47.90 beta 0.00 gamma 0.00 Eccentricity (3) X 
0.00 Y 1.40 Z 0.70alpha -68.85 beta 0.00 gamma 0.00 Eccentricity (4) X 0.00 Y -1 00 Z 4 40alpha 
-48.05 beta 0.00 gamma 0.00 Eccentricity (5) X 0.00 Y 1.78 Z 1.68alpha -65.43 beta 0.00 gamma 
0.00 Eccentricity (6) X 0.00 Y -1.39 Z 1.33alpha -61.77 beta 0.00 gamma 0.00 eccentricity (7) X 
0.00 Y -2.47 Z 1.04alpha -97.55 beta 0.00 gamma 0.00 . 

[0174] The value the conditional expression (1) in each above-mentioned example and (2)- 
related is as follows. In addition, when the upside MAJINARU beam of light and bottom 
MAJINARU beam of light to a chief ray were unsymmetrical, NAy (NA2) was calculated with both 
average. 
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±7.95 

±3.20 

0.59 

0.30 

0. 52 

0.16 

0.19 

1.20 

2 

±10.6 

±4.42 

0.79 

0.42 

0.54 

0.15 

0.19 

1.28 

3 

±12.6 

±4.87 

0.93 

0.46 

0. 50 

0.25 

0.26 

1.02 

4 

±12.2 

±6.10 

1.04 

0.68 

0.65 

0.13 

0.18 

1.41 

5 

±10.0 

±2.45 

0.74 

0.23 

0. 32 

0.14 

0.26 

1.91 

6 

±20.5 





0.22 

0.37 

1.73 


[0175] Although the free sculptured surface of said definition type (a) constituted optical system 
from the above example, it cannot be overemphasized that optical system can be constituted 
also from a curved surface of other definitions. 

[0176] As mentioned above, although the scan optical system of this invention has been 
explained based on an example, this invention is not limited to these examples, but many 
deformation is possible for it. 

[0177] The scan optical system of the above this invention can be constituted as follows, for 
example. 

[0178] [1] In the scan optical system which consists of an optical deflection means to deflect 
the light from the light source and to scan on a scan layer-ed, and image formation optical 
system which carries out image formation of the light deflected by said optical deflection means 
to a scan layer-ed Said image formation optical system most in the field which has the optical 
power of said optical member including an optical member the field by the side of a scan layer- 
ed in the independent operating surface of a transparency operation Scan optical system 
characterized by including the page [ 2nd / or more ] reflector containing the 1st [ at least ] 
page of the nonrotation plane of symmetry which said optical member has optical power and 
carried out eccentricity to the shaft top chief ray. 

[0179] [2] Scan optical system of one above-mentioned publication characterized by 
constituting said optical member as a prism member. 

[0180] [3] Scan optical system of one above-mentioned publication characterized by including 
the 1st [ at least ] page of the combination side of transparency and an echo of said optical 
member. 

[0181] [4] Scan optical system of two above-mentioned publication characterized by being a 3rd 
page configuration including the 1st page of the combination side of transparency and an echo of 
said prism member. 

[0182] [5] The light source and the condensing optical system which makes light from said light 
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source abbreviation parallel light, In the scan optical system which consists of an optical 
deflection means to deflect the injection light from said condensing optical system, and to scan 
on a scan layer-ed, and image formation optical system which carries out image formation of the 
light deflected by said optical deflection means to a scan layer-ed Scan optical system 
characterized by the field of the last of said condensing optical system which injects from said 
condensing optical system and carries out incidence to said optical deflection means, and the 
field of the beginning of said image formation optical system which carries out incidence to said 
image formation optical system from said optical deflection means being the same sides. 
[0183] [6] Scan optical system of five above-mentioned publication characterized by the optical 
operating surface before and behind said optical deflection means being a transparency side. 
[0184] [7] Scan optical system of five above-mentioned publication characterized by said image 
formation optical system including the 1 st [ at least ] page of the combination side of 
transparency and an echo. 

[0185] [8] The light source and the condensing optical system which makes light from said light 
source abbreviation parallel light, In the scan optical system which consists of an optical 
deflection means to deflect the injection light from said condensing optical system, and to scan 
on a scan layer-ed, and image formation optical system which carries out image formation of the 
light deflected by said optical deflection means to a scan layer-ed For said prism member, said 
scan optical system is [ said a part of condensing optical system and ] the scan optical system 
to which it is characterized by including said a part of image formation optical system at least at 
least including a prism member. 

[0186] [9] Scan optical system of eight above-mentioned publication characterized by said 
condensing optical system and said image formation optical system consisting of one prism 
member. 

[0187] [10] The light source and the condensing optical system which makes light from said light 
source abbreviation parallel light, In the scan optical system which consists of an optical 
deflection means to deflect the injection light from said condensing optical system, and to scan 
on a scan layer-ed, and image formation optical system which carries out image formation of the 
light deflected by said optical deflection means to a scan layer-ed Scan optical system the 
above 1 and 5 characterized by reflecting 3 times or more in the sum total of said condensing 
optical system and said image formation optical system, or given in eight. 

[0188] [11] Scan optical system of eight above-mentioned publication characterized by the part 
and said prism member which includes said a part of image formation optical system at least of 
said condensing optical system having the combination side of transparency and an echo at 
least. 

[0189] [12] Scan optical system of 11 above-mentioned publication to which the part and said 
prism member which includes said a part of image formation optical system at least of said 
condensing optical system are characterized by having the combination side which performs 
three optical operations of two transparency operations and one reflex action at least. 
[0190] [13] Set at least to the part and said prism member which includes said a part of image 
formation optical system at least of said condensing optical system. The portion of said 
condensing optical system included in said prism member at least the nonrotation which has the 
plane of incidence to said prism member, and optical power, and carried out eccentricity to the 
shaft top chief ray — a plane of symmetry reflector — The portion of said image formation 
optical system included in said prism member including the 3rd page of the injection sides from a 
prism member the nonrotation which has the re-plane of incidence to said prism member, and 
optical power, and carried out eccentricity to the shaft top chief ray at least — the scan optical 
system of eight above-mentioned publication characterized by including the 3rd page of a plane 
of symmetry reflector and the re-injection sides from a prism member. 

[0191] [14] Scan optical system the above 1 and 5 characterized by the nonrotation plane of 
symmetry of said image formation optical system having only one plane of symmetry about a 
configuration, or given in eight. 

[0192] [15] Scan optical system the above 1 and 5 characterized by including the nonrotation 
plane of symmetry in which said condensing optical system has only one plane of symmetry 
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about a configuration, or given in eight. 

[0193] [16] Scan optical system the above 1 and 5 characterized by being the free sculptured 
surface in which the nonrotation plane of symmetry of said image formation optical system has 
only one plane of symmetry about a configuration, or given in eight. 

[0194] [17] Scan optical system the above 1 and 5 characterized by said optical deflection 
means being a two-dimensional optical deflection means which carries out a two-dimensional 
deflection with one optical deflection means, or given in eight. 

[0195] [18] Scan optical system the above 1 and 5 characterized by the deflection angle by said 

optical deflection means changing in the shape of a sine wave, or given in eight. 

[0196] [19] Scan optical system of 18 above-mentioned publication to which the aforementioned 

deflection angle is characterized by using 95% or less of the amplitude of an optical deflection 

angle for a scan in an optical deflection means to change in the shape of a sine wave. 

[0197] [20] Scan optical system the above 1 and 5 characterized by amending electric uniform 

scan nature, or given in eight. 

[0198] [21] Scan optical system the above 1 and 5 characterized by the deflection angle by said 
optical deflection means changing to a linear, or given in eight. 

[0199] [22] Scan optical system the above 1 and 5 to which said image formation optical system 
has only one plane of symmetry about a configuration, eccentricity is carried out only by the 
plane-o^symmetry inboard about the configuration, and said scan optical system is 
characterized by satisfying a degree type, or given in eight. 
[0200] 

phi 2 theta 1 / phi 1 theta2 <1 ... (1) 

Here, it is the single-sided deflection angle of an optical deflection means required for the scan 
of 2phi2, plane of symmetry, and the scan layer-ed of the direction of the orthotomic surface 
about the single-sided deflection angle of an optical deflection means required for the scan of 
the scan layer-ed of theta 1 and the direction of plane of symmetry in the half-field angle of 
image formation optical system [ in / for the half-field angle of the image formation optical 
system in the plane-of-symmetry inboard by the side of a scan layer-ed / theta 2 plane of 
symmetry, and the direction of the orthotomic surface ] 2phi1 It carries out 
[0201] [23] Scan optical system of 22 above-mentioned publication characterized by satisfying 
the following conditional expression. 
[0202] 

NA2/NA 1> 1 ... (2) 

Here, numerical aperture of the flux of light from the light source in the plane of symmetry and 
the perpendicular direction of the flux of light which carries out incidence from the light source 
in the plane-of-symmetry inboard about a configuration to condensing optical system concerning 
NA2 and a configuration in numerical aperture to condensing optical system which carries out 
incidence is set to NA1. 
[0203] 

[Effect of the Invention] By constituting scan optical system focusing on a prism member 
including reflex action, this invention can reduce the components mark of scan optical system, 
and can make optical system small. 


[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 


DESCRIPTION OF DRAWINGS 


[Brief Description of the Drawings] 

[Drawing 1] It is optical-path drawing of the scan optical system of the example 1 of this 
invention. 

[Drawing 2 ] It is drawing showing the example of a configuration of the light source in the case 
of carrying out color display using two or more sources of the homogeneous light. 
[Drawing 3] It is the plan of one example of a two-dimensional micro machine scanner. 
[Drawing 4] It is optical-path drawing of the scan optical system of the example 2 of this 
invention. 

[Drawing 5] It is optical-path drawing of the scan optical system of the example 3 of this 
invention. 

[Drawing 6 ] It is optical-path drawing of the scan optical system of the example 4 of this 
invention. 

[Drawing 7] It is optical-path drawing of the scan optical system of the example 5 of this 
invention. 

[ Drawing 8] It is optical-path drawing of the scan optical system of the example 6 of this 
invention. 

[Drawing 9 ] It is drawing showing the basic form configuration of a reflective mold optical 
deflection means and a transparency mold optical deflection means. ' 
[Drawing 10] It is drawing showing the configuration of one conventional scan optical system. 
[Drawing 1 1] It is drawing showing the configuration of another another conventional scan optical 
system. 

[Description of Notations] 

I — Shaft top chief ray 

1T — The 1st transparency side 

1 R — The 1 st reflector 

2T — The 2nd transparency side 

2R — The 2nd reflector 

3T — The 3rd transparency side 

3R — The 3rd reflector (total reflection) 

4T — The 4th transparency side 

1 0 — Scan optical system (prism) 

I I — Light source 
11B — llluminant B 

1 1 R — R light source 
1 1 G — G light source 

1 2 — Optical deflection means (scanner) 

13 — DOE (diffracted-light study element) 
14 — Diffraction side 

21, 22, 23 — Light source prism 
24 25 — Dichroic mirror 
30 — Outer frame 
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31 — Torsion bar spring 

32 — Medium frame 

33 — Torsion bar spring 

34 — Mirror section 


[Translation done.] 
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[0 0 3 7] r<Ojt36*#»«t, «E©3l*m~6*s 
[0 0 3 8] r<0*£#^©tfUB3»*«r«Wi-.5. * 

»*atri*<offiiifi«E^*i9ss!6ic45 u ffi^x Mfc-r 

[0 0 3 9] *38W©*9<0*3SE*^3Rtt, I8©*S 

o©^ 1) XAaWT»*rtS*iTV^r t t-rs t> 
©-?&£„ 

[0 0 4 0] iCiSmit fHB©£tt0!l 1 ~ 3 , 

[oo4i] z<Dj£&%¥%k<ofrm%)%:zmw-tzb, 

[0 0 4 2] *»«<D*1 0O*aE*^»r±, 


T-$><5„ 

[0 0 4 3] rWjfeacft^fcJU ^fB©2ll£0t| 1 ~ 6 ri* 
[0 0 4 4] iro3fe**^*©f^fflSft*SrRWf5. g" 

[0 0 4 5] *&W<Dm 1 1 ©*a£3te363Rtt, 8 ©;£ 

[0 0 4 6] r©:fc£ft^ki\ «IB©*J£0lJl~6*s 
[0 0 4 7] i©*36*^©f^fflSb*Sr|ftM-t-5. it 

ffiffl ©K#tH£riSiiffiffl ©itigfiilS t tth,)fc9J©(fc«fc 

[004 8] *?£W<nm 1 2 »7feSE?t^tt. Ill© 
XA^* s 2Isl©@jSf^ffli: 1 0©SfcffN8©3o 
[0 0 4 9] £©*3fcte3MSWt, «IE©*lt«fiJ 1 ~ 6 *« 

[0050] r©i2*f 1> 

1 1 1 < 7* 

[0 0 5 1] #3SW©ffl 1 3 ©**3t^mtt, m 8 ©4 

#®mttfowti:%.%iffi, -f v x&mtfr h ©itms© 3 
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[0 0 5 2] r©jfe3t*^n, «IB©*Jfi«H|l~6iS 
[0 0 5 33 r©763tE*^»©f^ffl3»*S:Bi|q-t-5. * 

5©T\ *3t3t^^#Sr/hS!ftt?#5. 
[0 0 5 4] Lri>U *#^!7-Sr*U«*Jii3tlSlfc» 

[0 0 5 5] — *3l£36^a5fc*JVNT*«ia 

UVX^>2^5c f 0 u-vXfcU *S*^^T-S^ 
[0 0 5 6] ^yXA«**te*S*l«**#*3R 
± 5 fc«H#©»ffi7B#&J$o3fc«K:*N-5 f— A»Jg 

[0 0 5 7] — RitSfttSWliJ: 9«4>BSISSrj|t 
b < fsm Lft tt*Wfft e> ft v><dt?, m^ATI^S^JI^ 

[0 0 5 8] ifc, M^a^fc^yXA^wtouikjt 

Z = c r* / [1+V {1- 


[0 0 6 9] ^B^cfJ, 
c :TM.&<Dmm 


i!5A#ft®^5r*^i-5i t*ST*#5„ 
[0 0 5 9] *&W<r>m 1 4 <Ojfed£^3fcf*, |g 1 , 5 

[0060] r©jfeaE3t^*tt. 'ikmvmmm 1 ~ 6 

[0 0 6 1] £ ©*3l£3t¥»©f^ffl3»*S:»Wf S t , 
[0 0 6 2] *^0J»^1 5 0>*3tofcS&JRMU m 1 , 5 

[0 0 6 3] i©jfeSBtei£*tt. ftEOHlfi'W 1 ~ 6 
[00 6 4] r ©*aat*#*©f^ffl3!i*SrBiW-t:S £ , 

mfefttt&temoftmgjgktzm 1 3©*s*^ii^t 
[0065] *&w<d$s i 6 <DM^t/t^mn, mi, 5 
[0066] £©3feafote3M&«:, mmnnMrn 1 ~ 6 # 

[0 0 6 7] £©*£3te^*©«UB3»*«rR?IH-3. * 

*ffi©tti:ft5 0 
[0 0 6 8] 


(1 +k) c* r* } ] + £ Cj X D Y" 

■ • ■ (a) 

r =/" (X2 +Y 2 ) 
[0 0 7 0] g&|ibS£tt s 


(6) 


Wffl 2 0 0 1 - 2 8 1 5 8 3 


2 Ci X* Y" 

1-2 

= C, X + C 8 Y 
+ C 4 X 2 +C S XY + C. Y 2 
+ C, X 2 +C 8 X 2 Y + C, XY' +C10Y 2 
+ CX' +Ci,X* Y + CiaX 2 Y 2 + CnXY' + C 1S Y 4 
+ C le X s +C17X 4 Y + Ci,X 3 Y 2 +Ci,X 2 Y 3 +C20XY 4 

+ C 21 Y 5 

+ C 22 X' + C JS X 5 Y + Cj 4 X 4 Y 2 + C 2S X S Y 8 +C 2 «X 2 Y 4 

+ C !7 XY 6 +C S8 Y 8 

+ C„X 7 +C ao X s Y + CsiX s Y 2 +C S2 X 4 Y s +C, S X 3 Y 4 

+ C34X 2 Y B +C 15 XY' +C S9 Y T 


[0 0 7 1] ±|Eg*ttffitt, -j&lftfctt, X-Zffi, 
Y-Zffi*lc^#ffi^o- itt&v^s, *&WX~IZX 

ft tsM ms & 1 oft rt flpfc-t- 5 a * mm t * s . #j x. 

if, ±13^5$ (a) fcSSVTtt, C 2 , C s , C 7 , 

Cg x C 12 , Cj4 s C 16 , Cjg, Cjj, C 23 , C 25 , C 
27> C 29 , C 3 i, C33, C 3s • • 

-f-5 i t (' i o T-5THi-e& 5 „ 

[0 0 7 2] Y<O#*3R*rifeT0fci-5r ifc± 

or, X-Z®ir5pfT**fl^MiiSlo^fJt#fti--5gft 
0iJx.ii\ _t8E^ft5tl'*5VNT(4, C 3> C 

5 % Cg , Cio> Cj2> Ci4, Ci7, Cjg, C 2 i, 
C23> C^, C^, C 30 , C 32 , C^, C 3 g " * * 

[0 0 7 3] ±fE2t*fcffi<Z>fa*i,;J>— #5r2t^B£L*:<D 

[0 0 7 4] &*5, gftf&ffiW^ttiUS, Z e r n i k 

[0 0 7 5] *&m<Z>n 1 7 (DjfeatefeStJRtt, II, 5 
Xtt8©*JE36*»fc*JV»T, WE*flilRl#a**, im 

(DKMfa^WLx* 2 ^iBi^-r s 2 »7E3taiiRi*at?*s 
[0076] :o*st¥sRtt, &i&v>mmm 1 ~ 5 a* 

[0 0 7 7] i©7fe**^*(Of^fflJ»*SrRlfli-5 0 * 
«lSl#a©Ba«r/h*<'t-5^tt, Alt* 


[0 0 7 8] 8©iSmit j&l, 5 

5. 

[0 0 7 9] COM*fItt, «EO*i6Wl, 2, 
4~ 6 («*W<H56**lESrff*.Hr*St«3 
fcStJfc-f-S. ) o 

[0 0 8 0] W 

W¥l 0-2 0 2 2 6#T?BH^$ttTV^5J;5 

[0 0 8 1] 9©iSm«, 118© 

[0 0 8 2] r©*ac3t^3R«:, ^EoHJg^iJ 1 , 2, 
4-6 («««J«S*»ESrff *.if 3 

[0 0 8 3] r©jfejE*^»«)^ffl3ft*Sr«Wi-5. « 
T, *M>^7- #/^VS5-«|E©KltSHBlSl» 

[0 0 8 4] 5»ffi©g^^ as«K ^ o / k T*jES&^ 
*vft (±* 0 ) SrfUfflUTttifeBEffiiSrjfeat-rSi-f-S. 
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tcibizit. &mmtci-&^tf&z> (0<kgl) „ 
[0 0 8 5] mmy= f • 2 (* 0 /k) arcsin { <f> / 
(*o/k) ) 

«* s ±2o° g&©»£\ «isiA<o^ai»wS*uTisift 

in^^f£y°yy.coy s ^ x h — i/ a 

[0 0 8 6] k£0. 9 5 £ , (*<>/ 

k) co^ttz)Sk = lK>®-^titilS»f^S««Tt^ 

[0 0 8 7] IffOf-fX/^x-tl 7%g* 

t> m-sc #j a co m m a »e> in ft a © £ *p « -e # & 

V\ r©i^, <§lRj^J£©{B[nJ:ft©Si|6©9 5%@*/J5 
[0 0 8 8] 0 9 (b) IC^1-±5K, 

[0 0 8 9] *&m<om 2 o (om^K^m*. mi. s 
[0 0 9 0] r©*at3ft*5R«:, totMommmmmmiz 

[0 0 9 1] r©3fe3fe*^»©f^ffl3»*SrRWt--5. » 
2#c5E*^Srfr5 4t-£\ 3t<SlR)^»iilR]#f±{c-g- 

x\ 2 »5£6<j*iffiisi3feaEtt • &mM&&&m&Li. ? 1 

iE*fcfeaEtt©«*«j*lfcE*ttHM: 2 
<f>2 0 2 < 1 

2 i-f-5. 

[0 0 9 9] 7Ky=fV5 7-, ^WV5 7-©i?4 
KJt§!fiII*]#I9:©4§£-, *aEfci6SS*S4t5 9-©^-« 

Kits 7— lo^-ffilg^tt, flfcfeaEffio^frteStjfc;-*- 
5R4t$5-iB*»e>«)**i*^T«)5. z corns, & 

irh^%m^mcoKM^y—^±<t>wthi>b^o^n 


[0 0 9 2] i£j|ft&f£ttf*j|£&ft^$-?ttfitl 

1-3 4:, ******rt*/hS*t> iras-t-tS 
U S«CW^^ii^.MiE«^^|6]coi^(75^^{c: 

[0093] scorns. jEm$im^k~rzm fait <nm 

fr^«i|®cD8 5%SMffiffit5i: < ^iST&ffiiWttllE 
# 2 »H?g£-c i < 5 ©T*£? £ LV \ 

[0094] *mm<om 2 1 coM^^mn, mis 5 

ftft#s y =iTfc^k-t-5 £ t ft* >b<OT-fe5 0 

[0095] r©*3t3t^*Ht, &mcommm 3 

i-5 («^«j^M^ffiaESrff ^Ltt**JS0iJ 1 , 2, 4-6 

wsts. ) . 

[0096] z(ofe&yt&mcoftm&)%:$:8im-t.Zo m 

[0 0 9 7] *&Wcom 2 2 ©jfefcft^JRtt, » 1 , 5 
f-H-t-^^SSrlo^itfiFt), -t©flsM*fwM-r5*f$fc 

[0 0 9 8] 

• • • (1) 

coytmfammcom&'Zs )imis\n^i s 2 *j , 2« 2 {c 
(0 9) . mmco^mm 

l~6*s*tjcs-r5. 

[0 10 0] i©**3t^3R©flUB&*&|ftlJi-t-5. * 
*a«:ttlLfc»^T?RMt5 (0 9 (a) ) . RUM 

%Ufa^wtconmwti^ifi <t> «b^*s2«) co^, 
fe«ft*^»©*at^WA*se rot#, wits 

[0 10 1] ife|fe3t^*s^{J:H-t-5M#DBSr 1 

L-^-t-VNCD-e, r ©*|SjSt 1 ^55**^^©^^^] 
& 5 V > (4 2 »c jcjfeJE*¥* ©jfe^M^ ©^c # V ^16] fc-f 


(8) 


&M2 001-281583 


[0 10 2] ^£rT\ ^3fe^^^i'L>$^tTV^5^I6] 

[0 10 3] t4fc*., W^lSt5rt^iSL 
v\ 

[0 10 4] 

NA2/NA 1 > 1 

[0107] £©*3£#36*h:, &m<Dmm&\ 1 ~ 6 *s 

[0108] z.<D^ft^a>ftmm$k*mwirz>„ & 

mbmw35fa*3LT^-ftfab-rz>m&. M^mx<D^ 
^^bwi^^x<D^^m(o^mm^ l. < i- 

[0 10 9] ^^L.feJt^ N ^#^|d*3V^T±IB 
Utti^Sfc^Kte, &#3£ (2) 
3fe <om)& «*# Jl \z * 5 o 

[0 110] 

[0 111] WTC08&gHT-f4, X*|6]^^S*[^, Y 

[0112] «-Hig0ij<D^llii®i;T-(D«^7^-^ 
1 2^-0^1 1 <o<pMz.mzitmxfem-rz 0 

[0 113] ^Lt. &5fe»i£8fr{;i*5VNT, »L>^ 
CIL-fcflffi4T (lyglcJiY^ftir^frLTV^ 

5. ) &m'byt^m<Dm&b u $&i±±itmiiz%t?jj 

(o]$r Z IfcfrlR] i ttSffiA^3t^l0Of 1B4 
TKfa^p^ft^ZiteiE^fti U ~ © Z 3ft i 
^-i>£^£f5pffi£Y-Z2|Zffi (il©I) fcU Jlu&Sr 

^LT&5 0 • ; ^^<Oftb,»II^Sf!l^^^•f-|g4~la8icov^T 


= (2,j. 2 /e 2 ) / (2 *! /fli ) 

= 02 0 1 / 01 02 

*ffii:Sifi[*l6]S:±*aE*|fi]i:i-5»^, 3fe36St?<0=fe 
5 KB:. 3fcfii^#a«)9J*a6*i^©-+j5feSr±jfeac3trifii© 

[0 10 5] #3BW©I&2 3©j£2«teS65RH: % 122© 
[0 10 6] 

• • • (2) 
[0 114] fi-MICo^tll, 

Zftojffa&Ztb^tiX, Y, Z) i:, Z<Dm<0'P<bMl 
(ggJlfeffil-oV^W:, hiFhB (a) 5$<£> Z -Mb) ©Xi, 
Y«k Ztt**L^ft&+«fcfc^5fi#fl (**tJPHa, 
0, v C ) ) t^i^TV^S. fc*S, *«>#£\ 

a b p (osEti^th^eticDm^iE^fSi^MvxKmnm*) 

5 0 

[0115] ^IJ&^J 1 ~ 6 T*tt, C©Y-Z ¥ffif*3T'€- 

»§— <£>*f#ffi£rY-Zffii UTVn^ 0 

[0 1 16] #*S60J©##^*«/fc-*-3##fe 
fflffi©*, ^©1 (iKJBffiSr^tf. ) i-tJUaHKB 

[0 117] *^B^T*fflV^^ix5i*ftffic0ffira 
^ttfltrfS (a) iStCj; »>JfcfcU t<OSlS©Zl4i!! 

[0 118] ifc, DOE (Bflbte^*^) l^v^T 
tt, RfHfei: LTSweattffi (jgffJB$r*8c) 3M£fflL 

(W. C. Sweatt, 'Mathematical equivalence between a h 
olographic optical element and an ultra-high index 

lens' ,J. Opt. Soc.Am,Vol.69,No. 3(1979) ) x S*pj£fi 
= 587. 56nm (d*SD tU ZVmmfc&lZiSt} 

5jes5®0f^^vx»jaiff*= i o o i , r s> 

3 . 45t Lfe„ 

[0 119] /i*s, x— ^ro|B«c$^^Tt^ < ev^gSftffi 
(-P-r5W4 0Tfc5 o Wf$(;ov^t^i, di (ftA 
5 8 7. 5 6 nm) *>©£*fB LTfe5„ S$ 

[0 12 0] gSiSOttW^tUT, eiT 

<D (b) ?>tl,5 Z e r n i k e#«5*^*>5. 

Ztt^Z e r n i k e#^©ttt/£5„ Is]te#^® 
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[0121] 


AiiX-YffirtCDZtt^ibOSggt, R »2 Z «i|h] 
x = R Xcos(A) 
y = R Xsin(A) 
Z=D 2 

+ D 3 Rcos(A) + D 4 Rsin(A) 

+ D 5 R 2 cos(2A) + D 6 (R2-1) +D 7 R 2 sin(2A) 

+ D 8 R 3 cos(3A) +D 9 (3R 3 -2R) cos(A) 

+ D10 (3R3-2R) sin(A) + D„R 3 sin(3A) 

+ D 12 R 4 cos(4A) + D a3 (4R 4 -3R 2 ) cos(2A) 

+ D 14 (6R< -6R 2 + 1) + D 15 (4R 4 -3R 2 ) sin(2A) 
+ D 16 R 4 sin(4A) 

+ D 17 R5 cos(5A) +D, 8 (5R 5 -4R3) cos(3A) 
+ D 19 (10R 5 -12R 3 +3R) cos(A) 
+ D 20 (1 0R5 - 1 2R3 + 3R) sin(A) 
+ D 21 (5RS-4R 3 ) sin(3A) + D 22 R 3 sin(5A) 

+ D 23 R«cos(6A) + D 24 (6R6-5R 4 ) cos(4A) 

+ D 25 (1 5R 6 — 2 OR 4 + 6 R 2 ) cos(2A) 

+ D 26 (2 OR 6 — 3 OR 4 +1 2R 2 — 1) 

+ (1 5R 6 — 2 OR 4 + 6R 2 ) sin(2A) 

+ D 28 (6R«-5R 4 ) sin(4A) + D 29 R6 s in(6A) 


'12' 


'13- 


D 


14> 


4, D 5> D 6> D 10 0, D,„ 

20 , d 21> d^-- &mm-fz>. 

[0 12 2] Z<Dm<Dffi<D&]tl-T, fc(Dfem& (c) 
Z = C 2 
+ C 3 y + C 4 I x I 
+ C S y 2 +C 6 y I : 
+ C 8 y 3 +C 9 y 2 I 
+ C 12 y 4 +C 13 y 3 I 
+ C 17 y* +C 18 y 4 I 


• • • (b) 

[0123] Z = 2IC„XYMt LT, k=7 (7» 
[0 12 4] 


I +C 7 x 2 
I +C 10 y x 2 +C„ I x 3 
I +C 14 y 2 x 2 +C l5 y I 


x 3 I +C 16 x 4 


I +C 19 y 3 x 2 +C2oy 2 I x 3 | 

+ C 21 y x 4 +C 2 


+ C 23 y 6 +C 24 y5 I x I +C25y 4 x 2 +C 26 y 3 I x 3 I 

+ C 27 y 2 x 4 +C 28 y I x 6 | +C 29 x 6 
+ C 30 y 7 +C 31 y 6 I x I +C 32 y5 x 2 H-C^y 4 | x 3 | 

+ C 34 y 3 x 4 H-C^y 2 I I + C^y x 6 + C 37 I x 7 I 


**s, *&w<nnMMx*tt, mm (a) a^m^tc^m 

*ffiT*S^^*m$tl-TV>5^, _klE (b) it, 
(c) S;*ffiv^Ttl^«of^fflS**Sr»6^^5«)tt»5 

[0125] 1 ) £ 05felS«<Djfe363t^*0* 

El) SrHlfc:^-*-. rw*S3t^ 0*^15^5 4" , 
Sitlii^4 2 0 »^^tt*lmm 

[0 12 6] ;©M*fil 0 0^L&^ 
#«**&Si#»H: ± 1? , Wifem^Zfc Dt« 1 1 Sr 


• • • (c) 

-T» Srtf5rtT% «ffk*^3R©iWr3br©lm©ffi«© 
»*3SEBd »Ciliffk U«*aEffi* 2 ^5c*^i-5 tot* 
S. 

[0127] r ©jfet^jR 1 0 %U 1 1 

HIIIT, f&lSatfglR, ^2@iiaS2TT-W^ 

$4^5,, S*t«l»I**tfc3l6f4, JB 3 3 T, I2S 
*fM2R, !&3S*fffi (^SJW) 3R, Jj?4i§iiS54T 
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[0 12 8] Jtllli LT, LED, LDfiiffifflf 

T\ Mfcg*, 0iJx.{±*5 0 0 nmKT©Sftro)t» 

5*!S7 0 !)X'i>,2 1 i:?tjlS7 B !;XA2 2©g^il:3- 
tW^L s ft&Aft, 09*.W?6 0 0 nm^.±<Diti:K 

*5*1/!)XA2 2 ift^^ 2 3 ©Affile =i 

1 R , G7t$i> 1 1 G Sr, *:ti^ti%m-7 it 
DXA22, ^-T" !)XA23 O^rii^ti^jfcgrJ;; 

[0 12 9] ^©Mta*), RGB3tSr**3t^5Rl 

H*U*v^RGBffl»*3CPS«|j:j:5, Bfc&ffi-f-Kg 

[0 1 3 01 ifeS3« (2&7E;**-*-*-) 12iLT^ 
<o^©t©5rtit5Ct^f#5i\ #HB¥10- 

2 0 2 2 e^-CBBjfc^ftTV^J: ^ fv^^ft 

[oi3i] mfi8Pi&2f5^ 8£®lg»;*r5S. 

1 W6D¥ffiS*HI3 fC*-f 0 r©^ijT*tt, 5 9— g&3 4 
SrYttlfrrSjfcStfS >a^-3 3T"fW#3 2 K 
3S*SL, -?:cd^#3 2^X*i^[6]{cMt>*5 >a V 
✓*-3 1 T-fl-#3 OtCilMLT, I— >a^-3 3ffl 

w<-3 1 (Dmvx'&mm^j: y>mm.^ (y^m 
[0132] Rttmzmmffift'omtegwm. 

3 Id^-fJ: * n-v^vx^-y-^-ttSltffiSr IB 
3 4 LsNtfcftVNU BWt*'5B«*i,Ht^#^-^o« 

[0 13 3] RStI©i!pWc»t5#±± 
[0 13 4] 0s ^4 5° 

mx-n, e s = 2 o" 

[0 13 5] Jteia, 3E^j|*fca««t!ii-<5 


[0 13 6] r»3Ufe^iJco*ac^^l OCi^lcoVN 
TRiPIi-5. ^UXASWlOClfiT-itt^itS 

j6«£im«u yt^m^mit, i^xutt-^. * 

f^NF fcffitg Srfflfcfii-t- 3 © * £ I- * 5 o 

[0 13 7] ifc, itt^TllilSIt, *Sffe#*£3R 
T?2(e!K*K ^^r + +-t?l|Hjg|*<7?ff4|HlS*tLTV>5 

TtLDO^S^Sbtc J; 5ifeSE3te^3fcl 0<£>3fe^tefig<E> 
r irIHJ^7-f^ffl^o»3S*f® 3R© 
jELTV^5. 

[0 13 8] K*r^taifi^ffl*3KEia5*ffliB 
2T (3T, 3R) &&%<DX\ 3fe^a5Sr«^-f-5ffi» 

3„ r<Dffi2r{g[6j^l 2ic^LTBflffifl : m{CLfc^' 
**, SWtf^&^SattfUBI-L^-nN, 
[0 13 9] SD»*36e. ^it*414fci8LT, 

t3M*f*feJlM*tt0>'-?, 2 Uc7nW*Bti»*aEttSrfll« L 

[0 14 0] 2^5ttSl^I^JrtV?7-l 2© 
SH^fi, * x =± 7 . 95° , <>y=±3. 20° T? 

6 5 LTfetfWt^3R*s f T-^ Kyfll/y 

5rt*ST?#5 (X^rplO^dr-^ V$ 5— m^<i> x = 
±12. 2° ©SiB<D6 5%^ X^ftWTfeacJJlj&gfc 
5 4> x=±7 . 9 5° „ Y^|p]OX^-v>-$ 

7-iixfl*y=±4. 9 3° ©ii©6 5%^ 
r^O^SiC^M^C S 7— gtt^l 0 y =± 3. 2 0 
) 

[0141] Xdr-y^57-l 2 CO«^ tf*mM&m 
*3&S*#*5. *HJfi^©J;5fc, 

[0 14 2] *Sltote^*fcJ: 0 7g?j£$*l<5*4Hf[ 


(11) 
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>5 7-1 2 ©fi«^g|JS:*iJffli-5 n £ U 7 

* -Y > 5 7 ^ !) = T (c^-fbi-S 7 dr -r 7* £f ijffl 

[0 14 3] ifc, *3teft¥3Rfcfc'--.fcSEJB*t6&*rfc 
it"CV^5. {g|Rl#^l 2£<*> lmmitSS^ 
^*»3taS(BJNA{4. Xzfrfr^O. 16, Y^[6]^0. 
1 9T-fc5„ 

[0144] m^. i<osl^fe^sJ«?5^{cov^TSB'<•5 

[0 14 5] £fc, r ^T'l*X3c\-t<DXjjfa<D-^m= 

W^^ftt 1 2<DX^(6](DTt-i£^Y*-(R]COvt-jfei : tt 
[0146] (Hi£#iJ 2 ) d ©Sli6«<D3fe3!E3t^e*©BI 

5 4° , mmm^4 2° -efcs, 
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